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IMPORTANT NOTICE 


Texas Instruments (ТІ) reserves the right to make changes to its products or to discontinue any semiconductor 
product or service without notice, and advises its customers to obtain the latest version of relevant information 
to verify, before placing orders, that the information being relied on is current. 


TI warrants performance of its semiconductor products and related software to the specifications applicable at 
the time of sale in accordance with Tl's standard warranty. Testing and other quality control techniques are 
utilized to the extent ТІ deems necessary to support this warranty. Specific testing of all parameters of each 
device is not necessarily performed, except those mandated by government requirements. 


Certain applications using semiconductor products may involve potential risks of death, personal injury, or 
severe property or environmental damage ("Critical Applications"). 


ТІ SEMICONDUCTOR PRODUCTS ARE NOT DESIGNED, INTENDED, AUTHORIZED, OR WARRANTED 
TO BE SUITABLE FOR USE IN LIFE-SUPPORT APPLICATIONS, DEVICES OR SYSTEMS OR OTHER 
CRITICAL APPLICATIONS. 


Inclusion of TI products in such applications is understood to be fully at the risk of the customer. Use of TI 
products in such applications requires the written approval of an appropriate ТІ officer. Questions concerning ` 
potential risk applications should be directed to TI through a local SC sales office. 


In order to minimize risks associated with the customer's applications, adequate design and operating 
safeguards should be provided by the customer to minimize inherent or procedural hazards. 


ТІ assumes no liability for applications assistance, customer product design, software performance, or 
infringement of patents or services described herein. Nor does TI warrant or represent that any license, either 
express or implied, is granted under any patent right, copyright, mask work right, or other intellectual property 
right of TI covering or relating to any combination, machine, or process in which such semiconductor products 
or services might be or are used. 


Copyright € 1997, Texas Instruments Incorporated 


Printed in U.S.A. by 
Custom Printing Company 
Owensville, Missouri 


INTRODUCTION · 


Today’s designs are based on increasingly complex integrated circuits, fine-pitch packaging, 
and very dense board layouts. These factors limit test access and greatly complicate ' 
traditional methods of functional and in-circuit testing. The IEEE 1149.1 (JTAG) 
boundary-scan test standard was created to address this issue. Texas Instruments (TI) has 
taken a leading role in the industry in supplying silicon products that integrate IEEE 1149.1 
boundary-scan test features. 


ТІ presents the 1997 Boundary-Scan Logic IEEE Std 1149.1 (JTAG) Data Book. Included in 
this issue is the broadest range of silicon solutions for system-level test in the industry. 


© Popular BiCMOS (BCT) and advanced BiCMOS (ABT) octal buffers/transceivers 


е A full family of ABT/ABTH Widebus™ (18- and 20-bit) transceivers and universal 
bus transceivers (UBT™) 


е The industry's first 3.3-V boundary-scan logic products, LVTH Widebus (18- апа - 
20-bit) transceivers and UBTs ` 


ә A family of scan-support functions for controlling the test bus, adapting the test bus 
to backplane/multidrop configuration, and managing multiple scan paths 


Features of the boundary-scan logic family include: 

9 Compatibility with IEEE Std 1149.1-1990 (JTAG) boundary-scan architecture 
Under 6-ns maximum propagation delays 
Bus-hold and series-resistor options | 
EIAJ TSSOP, JEDEC SSOP, апа EIAJ ТОЕР fine-pitch surface-mount packaging | 
18-bit and 20-bit UBT architectures 


Most of the products in this data book are available in production quantities. Please contact 
your TI representative or local authorized distributor for details on any of these devices. 
Information on products not yet available in production quantities is presented in this data 
book as Product Preview. Contact the ТІ Semiconductor Product Information Center at 
(972) 644-5580 to learn more about plans for these devices. 


The data book also contains other useful sections, including mechanical data and 
technical information. 


ЕРІС-ПВ, SCOPE, UBT, and Widebus are trademarks of Texas Instruments Incorporated. 


PRODUCT STAGE STATEMENTS 


Product stage statements are used on Texas Instruments data sheets to indicate the 
development stage(s) of the product(s) specified in the data sheets. 


If all products specified in a data sheet are at the same development stage, the appropriate 
statement from the following list is placed in the lower left corner of the first page of the data 
sheet. 


PRODUCTION DATA information is current as of publication date. Products 
conform to specifications per the terms of Texas Instruments standard warranty. 
Production processing does not necessarily include testing of all parameters. 


ADVANCE INFORMATION concerns new products in the sampling or 
preproduction phase of development. Characteristic data and other 
specifications are subject to change without notice. 


PRODUCT PREVIEW information concerns products in the formative or design 
phase of development. Characteristic data and other specifications are design 
goals. Texas Instruments reserves the right to enenge or discontinue these 
products without notice. 


If not all products specified in a data sheet are at the PRODUCTION DATA stage, then the 
first statement below is placed in the lower left corner of the first page of the data sheet. 
Subsequent pages of the data sheet containing PRODUCT PREVIEW information or 
ADVANCE INFORMATION are then marked in the lower left-hand corner with the appropriate 
statement given below: 


UNLESS OTHERWISE NOTED this document contains PRODUCTION DATA 
information current as of publication date. Products conform to specifications per 
the terms of Texas Instruments standard warranty. Production processing does 
not necessarily include testing of all parameters. 


ADVANCE INFORMATION concerns new products in the sampling or 
preproduction phase of development. Characteristic data and other 
specifications are subject to change without notice. 


PRODUCT PREVIEW information concerns products in the formative or design 
phase of development. Characteristic data and other specifications are design 
goals. Texas Instruments reserves the right to change or discontinue these 
products without notice. 
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GLOSSARY 
SYMBOLS, TERMS, AND DEFINITIONS 


INTRODUCTION 


These symbols, terms, and definitions are in accordance with those currently agreed upon by the JEDEC Council 
of the Electronic Industries Association (EIA) for use in the USA and by the International Electrotechnical Commission 
(IEC) for international use. 


operating conditions and characteristics (in sequence by letter symbols) 


fmax 


loc 


Alec 


ІСЕХ 


It(hold) 


Input capacitance 
The internal capacitance at an input of the device 


input/output capacitance 
Input-to-output internal capacitance; transcapacitance 


Output capacitance 
The internal capacitance at an output of the device 


Power dissipation capacitance 

Used to determine the no-load dynamic power dissipation per logic function (see individual circuit pages): 
Pp = Cpa Vcc? f + Icc Усс 

Maximum clock frequency 

The highest rate at which the clock input of a bistable circuit can be driven through its required sequence 
while maintaining stable transitions of logic level at the output with input conditions established that 
should cause changes of output logic level in accordance with the specification 

Supply current 

The current into* the Усс supply terminal of an integrated circuit 


Supply current change 

The increase in supply current for each input that is at one of the specified TTL voltage levels rather than 
0 V or Vec 

Output high leakage current 

The maximum leakage current into the collector of the pulldown output transistor when the output is high 
and the output forcing condition Vo = 5.5 V 

Input hold current 

Input current that holds the input at the previous state when the driving device goes to a 
high-impedance state 

High-level input current 

The current into* an input when a high-level voltage is applied to that input 


Low-level input current 
The current into* an input when a low-level voltage is applied to that input 


Input/output power-off leakage current 

The maximum leakage current into/out of the input/output transistors when forcing the input/output to 
4.5 V and Усс + 0 V 

High-level output current 


The current into* an output with input conditions applied that, according to the product specification, 
establishes a high level at the output 


*Current out of a terminal is given asa negative value. 
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GLOSSARY 
SYMBOLS, TERMS, AND DEFINITIONS 


lo 


lozPU/PD 


tc 


tdis 


ten 


th 


tPHL 


tPHz 


* 


Low-level output current 

The current into* an output with input conditions applied that, according to the product specification, 
establishes a low level at the output 

Off-state (high-impedance-state) output current (of a 3-state output) 

The current flowing into* an output having 3-state capability with input conditions established that, 
according to the product specification, establishes the high-impedance state at the output 

Access time 

The time interval between the application of a specified input pulse and the availability of valid signals 
at an output i 

Clock cycle time 

Clock cycle time is 1/fmax- 


Disable time (of a 3-state or open-collector output) 


The propagation time between the specified reference points on the input and output voltage waveforms 

with the output changing from either of the defined active levels (high or low) to a high-impedance 

(off) state 

NOTE: For3-state outputs, ив = tpyz Огір z. Open-collector outputs change only if they are low atthe 
time of disabling, so іе = ірін. 


Enable time (of a 3-state or open-collector output) 


The propagation time between the specified reference points on the input and output voltage waveforms 

with the output changing from a high-impedance (off) state to either of the defined active levels (high 

or low) 

NOTE: Іп the case of memories, this is the access time from an enable input (e.g., OE). For 3-state 
outputs, ten = tpzH or tpz. Open-collector outputs change only if they are responding to data 
that would cause the output to go low, so ten = tPHL- 


Hold time 


The time interval during which a signal is retained at a specified input terminal after an active transition 
occurs at another specified input terminal 


NOTES: 1. The hold time is the actual time interval between two signal events and is determined by the 
system in which the digital circuit operates. A minimum value is specified that is the shortest 
interval for which correct operation of the digital circuit is to be expected. 


2. The hold time may have а negative value in which case the minimum limit defines the longest 
interval (between the release of the signal and the active transition) for which correct operation 
of the digital circuit is to be expected. 
Propagation delay time 
The time between the specified reference points on the input and output voltage waveforms with the 
output changing from one defined level (high or low) to the other defined level (tod = {РНЕ OF ірін) 
Propagation delay time, high-to-low level output 
The time between the specified reference points on the input and output voltage waveforms with the 
output changing from the defined high level to the defined low level 
Disable time (of a 3-state output) from high level 


The time interval between the specified reference points on the input and the output voltage waveforms 
with the 3-state output changing from the defined high level to the high-impedance (off) state 


Current out of a terminal is given as a negative value. 
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GLOSSARY 
SYMBOLS, TERMS, AND DEFINITIONS 


tPLH 


tpLz 


tPZH 


tPzL 


Їѕк(о) 


Мн 


Уш 


Уон 


Propagation delay time, low-to-high level output 

The time between the specified reference points on the input and output voltage waveforms with the 
output changing from the defined low level to the defined high level 

Disable time (of a 3-state output) from low level 

The time interval between the specified reference points on the input and the output voltage waveforms 
with the 3-state output changing from the defined low level to the high-impedance (off) state 

Enable time (of a 3-state output) to high level 

The time interval between the specified reference points on the input and output voltage waveforms with 
the 3-state output changing from the high-impedance (off) state to the defined high level 

Enable time (of a 3-state output) to low level 

The time interval between the specified reference points on the input and output voltage waveforms with 
the 3-state output changing from the high-impedance (off) state to the defined low level 

Output Skew 

The difference between any two propagation delay times when a single switching input or multiple inputs 
switching simultaneously cause multiple outputs to switch, as observed across all switching output. This 
parameter is used to describe the fanout capability of a clock driver and is of concern when making 
decisions on clock buffering and distribution networks. 

Setup time 


The time interval between the application of a signal at a specified input terminal and a subsequent active 
transition at another specified input terminal 


NOTES: 1. The setup time is the actual time interval between two signal events and is determined by 
the system in which the digital circuit operates. A minimum value is specified that is the shortest 
interval for which correct operation of the digital circuit is guaranteed. 


2. The setup time may have a negative value, in which case the minimum limit defines the 
longest interval (between the active transition and the application of the other signal) for which 
correct operation of the digital circuit is guaranteed. 

Pulse duration (width) 

The time interval between specified reference points on the leading and trailing edges of the 

pulse waveform 

High-level input voltage 


An input voltage within the more positive (less negative) of the two ranges of values used to represent 
the binary variables | 


NOTE: А minimum is specified that is the least-positive value of high-level input voltage for which 
operation of the logic element within specification limits is to be expected. 
Low-level input voltage 


An input voltage within the less positive (more negative) of the two ranges of values used to represent 
the binary variables 


NOTE: A maximum is specified that is the most-positive value of low-level input voltage for which 
operation of the logic element within specification limits is to be expected. 
High-level output voltage 


The voltage at an output terminal with input conditions applied that, according to product specification, 
establishes a high level at the output 
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GLOSSARY 
SYMBOLS, TERMS, AND DEFINITIONS 


АСУС 
VoL Low-level output voltage 
The voltage at an output terminal with input conditions applied that, according to product specification, 
establishes a low level at the output 
Үт, Positive-going input threshold level 
The voltage level at a transition-operated input that causes operation of the logic element according to 
specification as the input voltage rises from a level below the negative-going threshold voltage, Vit- 
Vit- Negative-golng input threshold level 


The voltage level at a transition-operated input that causes operation of the logic element according to 
specification as the input voltage falls from a level above the positive-going threshold voltage, Vi. 
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EXPLANATION OF FUNCTION TABLES 


WSp'u o у. ст Е оса а Е GN NS C NN та В ND NEC 2. А т LAT ED, 
The following symbols are used in function tables on TI data sheets: 


H 
L 
T 
L 

HEN 
кч 
X 
Z 
a. 
Qo 
Qo 


Qn 
Mm 
"Er 

Toggle 


high level (steady state) 

low level (steady state) 

transition from low to high level 

transition from high to low level 

value/level or resulting value/level is routed to indicated destination 
value/level is re-entered 

irrelevant (any input, including transitions) 

off (high-impedance) state of a 3-state output 

the level of steady-state inputs A through H, respectively 

level of Q before the indicated steady-state input conditions were established 


complement of Qo or level of О before the indicated steady-state input 
conditions were established 


level of О before the most recent active transition indicated by J or T 
one high-level pulse 
one low-level pulse 


each output changes to the complement of its previous level on each active 
transition indicated by | or T 


If, in the input columns, a row contains only the symbols H, L, and/or X, this means the indicated output is valid 
whenever the input configuration is achieved and regardless of the sequence in which it is achieved. The output 
persists so long as the input configuration is maintained. 


If, in the input columns, a row contains H, L, and/or X together with Т and/or J, this means the output is valid whenever 
the input configuration is achieved but the transition(s) must occur following the achievement of the steady-state 
levels. If the output is shown as a level (H, L, Qo, or Qo), it persists so long as the steady-state input levels and the 
levelsthat terminate indicated transitions are maintained. Unless otherwise indicated, inputtransitions in the opposite 
direction to those shown have no effect at the output. (If the output is shown as a pulse, JL or LT , the pulse follows 
the indicated input transition and persists for an interval dependent on the circuit.) 
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EXPLANATION OF FUNCTION TABLES 





Among the most complex function tables are those of the shift registers. These embody most of the symbols used 
in any of the function tables, plus more. Below is the function table of a 4-bit bidirectional universal shift register. 


FUNCTION TABLE 


INPUTS 
PARALLEL 
à 
X X L L 


L 
Ово Осо 

b c 
Qan  QBn 
Qan  QBn 
Осп Әрп 
Qcn Qon 
Ово Осо 


5 


| MODE | 
CLOC 
St so 





L 
H 
H 
H 
H 
H 
H 
H 


г тата ТТ. X 
г г г m GE IX x 
EM 
хххг Tm c x ух 
x x x r го хх 
x x x r та x x 


The first line of the table represents a synchronous clearing of the register and says that if clear is low, all four outputs 
will be reset low regardless of the other inputs. In the following lines, clear is inactive (high) and so has no effect. 


The second line shows that so long as the clock input remains low (while clear is high), no other input has any effect 
and the outputs maintain the levels they assumed before the steady-state combination of clear high and clock low 
was established. Since on other lines of the table only the rising transition of the clock is shown to be active, the second 
line implicitly shows that no further change in the outputs occurs while the clock remains high or on the high-to-low 
transition of the clock. 


The third line of the table represents synchronous parallel loading of the register and says that if S1 and SO are both 
high then, without regard to the serial input, the data entered at A is at output Од, data entered at В is а! Ов, and so 
forth, following a low-to-high clock transition. 


The fourth and fifth lines represent the loading of high- and low-level data, respectively, from the shift-right serial input 
and the shifting of previously entered data one bit; data previously at Од is now at Ов, the previous levels of Qg and 
Qc are now at Ос and Qp, respectively, and the data previously at Qp is no longer in the register. This entry of serial 
data and shift takes place on the low-to-high transition of the clock when S1 is low and SO is high and the levels at 
inputs A through D have no effect. 


The sixth and seventh lines represent the loading of high- and low-level data, respectively, from the shift-left serial 
input and the shifting of previously entered data one bit; data previously at Qg is now at Qa, the previous levels of 
Ос and Ор are now at Ов and Ос, respectively, and the data previously at Qa is no longer in the register. This entry 
of serial data and shift takes place on the low-to-high transition of the clock when S1 is high and SO is low and the 
levels at inputs A through D have no effect. 


The last line shows that as long as both inputs are low, no other input has any effect and, as in the second line, the 
outputs maintain the levels they assumed before the steady-state combination of clear high and both mode inputs 
low was established. 


The function table functional tests do not reflect all possible combinations or sequential modes. 
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D FLIP-FLOP AND LATCH SIGNAL CONVENTIONS 


ъс EP NS T E N E ES NE Ное и А LICERET ee, a Ұз ME а ТЛА ЕЛ е вее Неа ЗЕЕ 7% T 
It is normal TI practice to name the outputs and other inputs of a D-type flip-flop or latch and to draw its logic symbol 
based on the assumption of true data (D) inputs. Outputs that produce data in phase with the data inputs are called 
Q and those producing complementary data are called Q. An input that causes a Q output to go high or a Q output 
to go low is called preset (PRE). An input that causes a Q output to go high or a Q output to go low is called clear 
(CLR). Bars are used over these pin names (PRE and CLR) if they are active low. 


The devices on several data sheets are second-source designs, and the pin-name conventions used by the original 
manufacturers have been retained. That makes it necessary to designate the inputs and outputs of the inverting 
circuits D and Q. 


In some applications, it may be advantageous to redesignate the data input from D to D or vice versa. In that case, 
all the other inputs and outputs should be renamed as shown below. Also shown are corresponding changes in the 
graphical symbols. Arbitrary pin numbers are shown. 





PRE CLR 
с с 
о D 
CLA PRE 
Latch Latch 
PRE CLR 
CLK CLK 
D D 
CLR PRE 





Flip-Flop Flip-Flop 


The figures show that when Q and Q exchange names, the preset and clear pins also exchange names. The polarity 
indicators (œ ) on PRE and CLR remain, as these inputs are still active low, but the presence or absence of the polarity 
indicator changes at D (or D), Q, and Q. Pin 5 (Q or Q) is still in phase with the data input (D or D); their active levels 
change together. 
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DEVICE NAMES AND PACKAGE DESIGNATORS 





Example: 





1 Standard Prefix 
Example: ЗМ. — Conforms to MIL-PRF-38535 (QML) 


г Military (54) or Commercial (74) 


3 Family 


Example: Blank —Transistor-Transistor Logic 
ABT - Advanced BiCMOS Technology 
АВТЕ – Advanced BiCMOS Technology/ 
Enhanced Transceiver Logic 
AC/ACT – Advanced CMOS Logic 
АНС/АНСТ - Advanced High-Speed CMOS Logic 
ALS - Advanced Low-Power Schottky Logic 
AS – Advanced Schottky Logic 
ALVC — Advanced Low-Voltage CMOS Technology 
BCT - BiCMOS Bus-Interface Technology 
CBT - Crossbar Technology 
CDC - Clock-Distribution Circuits 
F - F Logic 
FB – Backplane Transceiver Logic/Futurebus+ 
GTL – Gunning-Transceiver Logic 
HC/HCT - High-Speed CMOS Logic 
LS — Low-Power Schottky Logic 
LV - Low-Voltage HCMOS Technology 
LVC - Low-Voltage CMOS Technology 
LVT - Low-Voltage BICMOS Technology 
$ – Schottky Logic 
SSTL - Series-Stub Terminated Logic 


4 Special Features 


Example: Blank = No Special Features 
D - Level-Shifting Diode (CBTD) 
H — Bus Hold (ALVCH) 
R - Damping Resistor on Inputs/Outputs (LVCR) 
S — Schottky Clamping Diode (CBTS) 
U - Unbuffered Output (AHCU) 


5 Bit Width 


Example: Blank = Gates, MSI, and Octals 
1G - MicroGate (Single Gate) 
8 – Octal IEEE 1149.1 (JTAG) 
16 — Widebus™ (16, 18, and 20 Bit) 
18 – Widebus™ IEEE 1149.1 (JTAG) 
32 — Widebus+™ (32 and 36 Bit) 


Баси 


6 Options 


Example: Blank = No Options 
2 – Series-Damping Resistor on Outputs 
4 — Level Shifter 
25 — 25-Q Line Driver 


7 Function 


Example: 244 - Noninverting Octal Buffer/Driver 
374 - Octal D-Type Flip-Flop 
573 - D-Type Transparent Latch 
640 – Inverting Octal Transceiver 


8 Device Revision 


Example: Blank = No Revision 
Letter Designator A-Z 


9 Packages 


Example: D, DW — Small-Outline Integrated Circuit (SOIC) 
DB, DL — Shrink Small-Outline Package (SSOP) 
DBB, DGV - Thin Very Small-Outline Package (TVSOP) 
DBV - Small-Outline Transistor Package 
DGG, PW - Thin Shrink Small-Outline Package (TSSOP) 
FK - Leadless Ceramic Chip Carrier 
FN — Plastic Leaded Chip Carrier 
GB - Ceramic Pin Grid Array 
НЕР, HS, HT, HV – Ceramic Quad Flat Package 
J, JT - Ceramic Dual-In-Line Package 
N, NT - Plastic Dual-In-Line Package (DIP) 
PH, PQ, RC - Plastic Quad Flat Package 
PAG, PAH, PCA, PCB, PM, PN, PZ – Plastic Thin Quad 
Flat Package 
W, МА, WD - Ceramic Flat Package 


10 Tape and Reel 


Example: LE — Left Embossed (Required for DB and PW Packages) 
R - Standard (Required for DGG, DBB, DGV, and DBV; 
Optional for D, DL, and DW Packages) 
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THERMAL INFORMATION 


In digital system design, consideration must be given to thermal management of components. The small size of the 
small-outline package makes this even more critical. Figure 1 shows the thermal resistance of these packages for 
various rates of air flow. 


The thermal resistances in Figure 1 can be used to approximate typical and maximum virtual junction temperatures. 
In general, the junction temperature for any device can be calculated using the following equation: 


Ty = Нед X P+ + Т, 


where: 
Т) = virtual junction temperature 
Rejya = thermal resistance, junction to free air 
Рт - total power dissipation of the device 
TA = free-air temperature 
JUNCTION-TO-AMBIENT THERMAL RESISTANCE 
vs 
AIR VELOCITY 


130 






Г | | ‘мо Package 
7 
Wy Geko 
WIZZ 20-Pin DW Package 
КБ 


\ 
90 ё Q 
К | Го 


SLY 







120 


Ro JA - Junction-to-Ambient Thermal Resistance — °C/W 
со 
о 


Air Velocity – ft/min 


Figure 1 


Derating curves for 56-pin thin shrink small-outline package are shown in Figure 2, 56-pin thin shrink small-outline 
package are shown in Figure 3, 64-pin thin quad flat package are shown in Figure 4, and 24-pin thin shrink 
small-outline package are shown in Figure 5. | 
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DERATING CURVES 
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@ Members of the Texas Instruments SN54BCT8240A ... JT PACKAGE 


SN74BCT8240A ... DW OR NT PACKAGE 
SCOPE v Family of Testability Products (TOP VIEW) 


€ Octal Test-Integrated Circuits 


• Functionally Equivalent to 'F240 and 
'BCT240 In the Normal-Function Mode 


€ Compatible With the IEEE Standard 
1149.1-1990 (JTAG) Test Access Port and 
Boundary-Scan Architecture 


е Тез! Operation Synchronous to Test 
Access Port (TAP) 


е Implement Optional Test Reset Signal by 
Recognizing a Double-High-Level Voltage 
(10 V) on TMS Pin 

е SCOPE" Instruction Set 


— IEEE Standard 1149.1-1990 Required 
Instructlons, Optional INTEST, CLAMP, 





and HIGHZ 5М54ВСТ8240А... FK PACKAGE 
- Parallel-Signature Analysis at Inputs (TOP VIEW) 
- Pseudo-Random Pattern Generation 


From Outputs 
- Sample Inputs/Toggle Outputs 


е Package Options Include Plastic 
Small-Outline (DW) Packages, Ceramic 
Chip Carriers (FK), and Standard Plastic 
and Ceramic 300-mil DIPs (JT, NT) 


description 


The 'BCT8240A scan test devices with octal 
buffers are members of the Texas Instruments 
SCOPE" testability integrated-circuit family. This 
family of devices supports IEEE Standard 
1149.1-1990 boundary scan to facilitate testing of NC — No internal connection 
complex circuit-board assemblies. Scan access 

to the test circuitry is accomplished via the 4-wire 

test access port (TAP) interface. 





In the normal mode, these devices are functionally equivalent to the 'F240 and 'BCT240 octal buffers. The test 
circuitry can be activated by the TAP to take snapshot samples of the data appearing at the device terminals 
or to perform a self test on the boundary-test cells. Activating the TAP in normal mode does not affect the 
functional operation of the SCOPE™ octal buffers. 


In the test mode, the normal operation of the SCOPE™ octal buffers is inhibited and the test circuitry is enabled 
to observe and control the І/О boundary of the device. When enabled, the test circuitry can perform 
boundary-scan test operations, as described in IEEE Standard 1149.1-1990. 


SCOPE is a trademark of Texas Instruments Incorporated. 


PRODUCTION DATA Information № current as ication date. ` Copyright © 1996, Texas Instruments Incorporated 
to specifications per ain титан охаз sy cu 4: On bien complan B woo all parameters are Шы 
losing o of al parameters. IN TEXAS processing does not necessarily Include testing of all parameters. 
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description (continued) 


Four dedicated test terminals control the operation of the test circuitry: test data input (TDI), test data output 
(TDO), test mode select (TMS), and test clock (TCK). Additionally, the test circuitry performs other testing 
functions such as parallel-signature analysis (PSA) on data inputs and pseudo-random pattern generation 
(PRPG) from data outputs. All testing and scan operations are synchronized to the TAP interface: 


The SN54BCT8240A is characterized for operation over the full military temperature range of -55°C to 125°C. 
The SN74BCT8240A is characterized for operation from 0°C to 70°C. 


logic symbolt 


TDI 
TMS 
TCK 


FUNCTION TABLE 
(normal mode, each buffer) 


INPUTS OUTPUT 
[OE А) Y 


H X 2 
L L H 
L H L 


Ф. 
SCAN 
"ВСТ8240А 


















TDI 
TDO 


1Ү1 
1Ү2 
_ 1%3 
1ү4 
2Y1 
2Y2 
2Y3 
2Ү4 


t This symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 
Pin numbers shown are for the DW, JT, and NT packages. 
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functional block diagram 





Boundary-Scan Register 





Vec 
10E — №> 
p= == sca 
> 
1a1 -231 > 2 ivi 
| 
| 
L. — a «ке «то «м — 
Vcc 
2бЕ -24 > 
r i camo Ga ae sss 
> 
oar 1914 > Jovi 
| 
| 
к. тына TD + тишиме ағыны» лат» 









Bypass Register 
№ Boundary- Control 
Reglster БИА: Voc 

bs i> 11 тро 
то -14 р, Instruction Register 

Усс 
TMs -12 p 

Vcc TAP 


TCK = p. 


Pin numbers shown are for the DW, JT, and NT packages. 






Controller 
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Terminal Functions 


TERMINAL 
NAME DESCRIPTION 


1A1-1A4, Normal-function data inputs. See function table for normal-mode logic. Internal pullups force these inputs to a high level if 
2A1-2A4 left unconnected. 


Normal-function output-enable inputs. See function table for normal-mode logic. Internal pullups force these inputs to a high 
level if left unconnected. 


Test clock. One of four terminals required by IEEE Standard 1149.1-1990. Test operations of the device are synchronous to 
TCK. Data is captured on the rising edge of TCK and outputs change on the falling edge of TCK. An internal pullup forces 
TCK to a high level if left unconnected. 


Test data input. One of four terminals required by IEEE Standard 1149.1-1990. TDI is the serial input for shifting data through 
the instruction register or selected data register. An internal pullup forces TDI to a high level if left unconnected. 


Test data output. One of four terminals required by IEEE Standard 1149.1-1990. TDO is the serial output for shifting data 
through the instruction register or selected data register. An internal pullup forces TDO to a high level when it is not active 
and is not driven from an external source. 


Test mode select. One of four terminals required by IEEE Standard 1149.1-1990. TMS directs the device through its 
TAP-controller states. An internal pullup forces TMS to a high level if left unconnected. TMS also provides the optional test 
reset signal of IEEE Standard 1149.1-1990. This is implemented by recognizing a third logic level, double high (Мнн), at TMS. 


Supply voltage 


Normal-function data outputs. See function table for normal-mode logic. 






































10E, 20E 
1Y1-1Y4, 
2Y1-2Y4 
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test architecture 


Serial-test information is conveyed by means of a 4-wire test bus, or TAP, that conforms to IEEE Standard 
1149.1-1990. Test instructions, test data, and test control signals all are passed along this serial-test bus. The 
TAP controller monitors two signals from the test bus, TCK and TMS. The TAP controller extracts the 
synchronization (TCK) and state contro! (TMS) signals from the test bus and generates the appropriate on-chip 
control signals for the test structures in the device. Figure 1 shows the TAP-controller state diagram. 


The TAP controller is fully synchronous to the TCK signal. Input data is captured on the rising edge of TCK, and 
output data changes on the falling edge of TCK. This scheme ensures that data to be captured is valid for fully 
one-half of the TCK cycle. 


The functional block diagram shows the IEEE Standard 1149.1-1990 4-wire test bus and boundary-scan 
architecture and the relationship among the test bus, the TAP controller, and the test registers. As shown, the 
device contains an 8-bit instruction register and three test-data registers: an 18-bit boundary-scan register, a 
2-bit boundary-control register, and a 1-bit bypass register. 


Test-Logic-Reset 





TMS =H 






Select-DR-Scan 


Capture-DR 


Pause-DR 5 


Run-Testldle 





Select-IR-Scan 


TMSzL 


Capture-IR 










TMS = L. 














Figure 1. TAP-Controller State Diagram 
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state diagram description 


The TAP controller is a synchronous finite state machine that provides test control signals throughout the device. 
The state diagram shown in Figure 1 is in accordance with IEEE Standard 1149.1-1990. The TAP controller 
proceeds through its states based on the level of TMS at the rising edge of TCK. 


As illustrated, the TAP controller consists of 16 states. There are six stable states (indicated by a looping arrow 
in the state diagram) and ten unstable states. A stable state is a state the TAP controller can retain for 
consecutive TCK cycles. Any state that does not meet this criterion is an unstable state. 


There are two main paths through the state diagram: one to access and control the selected data register and 
one to access and control the instruction register. Only one register may be accessed at a time. 


Test-Logic-Reset 


The device powers up in the Test-Logic-Reset state. In the stable Test-Logic-Reset state, the test logic is reset 
and is disabled so that the normal logic function of the device is performed. The instruction register is reset to 
an opcode that selects the optional IDCODE instruction, if supported, or the BYPASS instruction. Certain data 
registers also can be reset to their power-up values. 


The state machine is constructed such that the TAP controller returns to the Test-Logic-Reset state in no more 
than five TCK cycles if TMS is left high. The TMS pin has an internal pullup resistor that forces it high if left 
unconnected or if a board defect causes it to be open circuted. 


For the 'BCT8240A, the instruction register is reset to the binary value 11111111, which selects the BYPASS 
instruction. The boundary-control register is reset to the binary value 10, which selects the PSA test operation. 


Run-Testldie 


The TAP controller must pass through the Run-Test/Idle state (from Test-Logic-Reset) before executing any test 
operations. The Run-Test/Idle state also can be entered following data-register or instruction-register scans. 
Run-Test/ldle is a stable state in which the test logic may be actively running a test or may be idle. 


The test operations selected by the boundary-control register are performed while the TAP controller is in the 
Run-Test/ldle state. 


Select-DR-Scan, Select-IR-Scan 


No specific function is performed in the Select-DR-Scan and Select-IR-Scan states, and the TAP controller exits 
either of these states on the next TCK cycle. These states allow the selection of either data-register scan or 
instruction-registe scan. 


Capture-DR 


When a data-register scan is selected, the TAP controller must pass through the Capture-DR state. In the 
Capture-DR state, the selected-data register may capture a data value as specified by the current instruction. 
Such capture operations occur on the rising edge of TCK, upon which the TAP controller exits the 
Capture-DR state. 


Shift-DR 


Upon entry to the Shift-DR state, the data register is placed in the scan path between ТО! and TDO and, on the 
first falling edge of TCK, TDO goes from the high-impedance state to an active state. TDO enables to the logic 
level present in the least-significant bit of the selected data register. 


While in the stable Shift-DR state, data is serially shifted through the selected data register on each TCK cycle. 
The first shift occurs on the first rising edge of TCK after entry to the Shift-DR state (i.e., no shifting occurs during 
the TCK cycle in which the TAP controller changes from Capture-DR to Shift-DR or from Exit2-DR to Shift-DR). 
The last shift occurs on the rising edge of TCK, upon which the TAP controller exits the Shift-DR state. 
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Exit1-DR, Exit2-DR 


The Exiti-DR and Exit2-DR states are temporary states that end а data-register scan. It is possible to return 
to the Shift-DR state from either Ех!1-ОН or Exit2-DR without recapturing the data register. 


On the first falling edge of ТСК after entry to Exiti-DR, ТОО goes from the active state to the 
high-impedance state. 


Pause-DR 


No specific function is performed in the stable Pause-DR state, in which the TAP controller can remain 
indefinitely. The Pause-DR state suspends and resumes data-register scan operations without loss of data. 


Update-DR 


If the current instruction calls for the selected data register to be updated with current data, then such update 
occurs on the falling edge of TCK following entry to the Update-DR state. 


Capture-IR 


When an instruction-register scan is selected, the TAP controller must pass through the Capture-IR state. In 
the Capture-IR state, the instruction register captures its current status value. This capture operation occurs 
on the rising edge of TCK, upon which the TAP controller exits the Capture-IR state. 


For the 'ВСТ8240А, the status value loaded in the Capture-IR state is the fixed binary value 10000001. 
Shift-IR 


Upon entry to the Shift-IR state, the instruction register is placed in the scan path between TDI and TDO and, 
on the first falling edge of TCK, TDO goes from the high-impedance state to an active state. TDO enables to 
the logic level present in the least-significant bit of the instruction register. 


While in the stable Shift-IR state, instruction data is serially shifted through the instruction register on each TCK 
cycle. The first shift occurs on the first rising edge of TCK after entry to the Shift-IR state (i.e., no shifting occurs 
during the TCK cycle in which the TAP controller changes from Capture-IR to Shift-IR or from Exit2-IR to 
Shift-IR). The last shift occurs on the rising edge of TCK, upon which the TAP controller exits the Shift-IR state. 


Exit1-IR, Exit2-IR 


The Exit1-IR and Exit2-IR states are temporary states that end an instruction-register scan. It is possible to 
return to the Shift-IR state from either Exiti-IR or Exit2-IR without recapturing the instruction register. 


On the first falling edge of ТСК after entry to Exitt-IR, ТОО goes from the active state to the 
high-impedance state. 


Pause-IR 


No specific function is performed in the stable Pause-IR state, in which the TAP controller can remain 
indefinitely. The Pause-IR state suspends and resumes instruction-register scan operations without loss 
of data. 


Update-IR 


The current instruction is updated and takes effect on the falling edge of TCK, following entry to the 
Update-IR state. 
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register overview 


With the exception of the bypass register, any test register may be thought of as a serial-shift register with a 
shadow latch on each bit. The bypass register differs in that it contains only a shift register. During the 
appropriate capture state (Capture-IR for instruction register, Capture-DR for data registers), the shift register 
may be parallel loaded from a source specified by the current instruction. During the appropriate shift state 
(Shift-IR or Shift-DR), the contents of the shift register are shifted out from TDO while new contents are shifted 
in at TDI. During the appropriate update state (Update-IR or Update-DR), the shadow latches are updated from 
the shift register. | 


instruction register description 


TDI 


The instruction register (IR) is eight bits long and tells the device what instruction is to be executed. Information 
contained in the instruction includes the mode of operation (either normal mode, in which the device performs 
its normal logic function, or test mode, in which the normal logic function is inhibited or altered), the test operation 
to be performed, which of the three data registers is to be selected for inclusion in the scan path during 
data-register scans, and the source of data to be captured into the selected data register during Capture-DR. 


Table 2 lists the instructions supported by the 'BCT8240A. The even-parity feature specified for SCOPE™ 
devices is not supported in this device. Bit 7 of the instruction opcode is a don't-care bit. Any instructions that 
are defined for SCOPE?" devices but are not supported by this device default to BYPASS. 


During Capture-IR, the IR captures the binary value 10000001. As an instruction is shifted in, this value is shifted 
out via TDO and can be inspected as verification that the IR is in the scan path. During Update-IR, the value 
that has been shifted into the IR is loaded into shadow latches. At this time, the current instruction is updated 
and any specified mode change takes effect. At power up or in the Test-Logic-Reset state, the IR is reset to the 
binary value 11111111, which selects the BYPASS instruction. Тһе IR order of scan 15 shown in Figure 2. 





Figure 2. Instruction Register Order of Scan 


data-register description 


boundary-scan register 


The boundary-scan register (BSR) is 18 bits long. It contains one boundary-scan cell (BSC) for each 
normal-function input pin and one BSC for each normal-function output pin. The BSR is used 1) to store test 
data that is to be applied internally to the inputs of the normal on-chip logic and/or externally to the device output 
terminals, and/or 2) to capture data that appears internally at the outputs of the normal on-chip logic and/or 
externally at the device input terminals. 


The source of data to be captured into the BSR during Capture-DR is determined by the current instruction. The 
contents of the BSR may change during Run-Test/ldle as determined by the current instruction. The contents 
of the BSR are not changed in Test-Logic-Reset. 


The BSR order of scan is from TDI through bits 17—0 to ТОО. Table 1 shows the BSR bits and their associated 
device pin signals. 
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Table 1. Boundary-Scan Register Configuration 


BSR BIT DEVICE BSR BIT DEVICE BSR BIT DEVICE 
NUMBER SIGNAL NUMBER SIGNAL NUMBER SIGNAL 
7 1Y1 





boundary-control register 


The boundary-control register (BCR) is two bits long. The BCR is used in the context of the RUNT instruction 
to implement additional test operations not included in the basic SCOPE™ instruction set. Such operations 
include PRPG and PSA. Table 3 shows the test operations that are decoded by the BCR. 


During Capture-DR, the contents of the BCR are not changed. At power up or in Test-Logic-Reset, the BCR is 
reset to the binary value 10, which selects the PSA test operation. The BCR order of scan is shown in Figure 3. 


TDI TDO 





Figure 3. Boundary-Control Register Order of Scan 
bypass register 


The bypass register is a 1-bit scan path that can be selected to shorten the length of the system scan path, 
thereby reducing the number of bits per test pattern that must be applied to complete a test operation. 


During Capture-DR, the bypass register captures a logic 0. The bypass register order of scan is shown in 
Figure 4. 


TDI TDO 


Figure 4. Bypass Register Order of Scan 


instruction-register opcode description 


The instruction-register opcodes are shown in Table 2. The following descriptions detail the operation of 
each instruction. 
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Table 2. Instruction-Register Opcodes 


BINARY CODET 
BIT 7 > BIT 0 SCOPE OPCODE DESCRIPTION SELECTED DATA 
REGISTER 
MSB – LSB 




















Охооо | eveass — | — — Bypassscan | Вю | Noma | 
|__хоооото | SAMPLE/PRELOAD | Samplebounday — — [| Boundary scan | Мота | 
[woo | eveasst — | — Bypassscan — — | Bs | Normal | 
[хо | evpasst — | — Bypasssean | — Әне | Мота | 
Modifed tes 
[хо | зуға” — | — Ву — — | Bypass | Noma 
C xomo | ___БЕАОВМ — | — Bemdareai — — | Boundary scan | Normal 
[хотю | ceursr | —  Bomdaysatin — — | Boundary scan | Normal] 
-Bcundanycontol register sean 






X0001111 SCANCT Boundary-control register scan Boundary control 





T Bit 7 is a don't-care bit; X = don't care. | 
+The BYPASS instruction is executed in lieu of a SCOPE?" instruction that is not supported in the 'ВСТ8240А. 


boundary scan 


This instruction conforms to the IEEE Standard 1149.1-1990 EXTEST and INTEST instructions. The BSR is 
selected in the scan path. Data appearing at the device input terminals is captured in the input BSCs, while data 
appearing at the outputs of the normal on-chip logic is captured in the output BSCs. Data that has been scanned 
into the input BSCs is applied to the inputs of the normal on-chip logic, while data that has been scanned into 
the output BSCs is applied to the device output terminals. The device operates in the test mode. 


bypass scan 
This instruction conforms to the IEEE Standard 1149.1-1990 BYPASS instruction. The bypass register is 


selected in the scan path. A logic 0 value is captured in the bypass register during Capture-DR. The device 
operates in the normal mode. 


sample boundary 


This instruction conforms to the IEEE Standard 1149.1-1990 SAMPLE/PRELOAD instruction. The BSR is 
selected in the scan path. Data appearing at the device input terminals is captured in the input BSCs, while data 
appearing at the outputs of the normal on-chip logic is captured in the output BSCs. The device operates in the 
normal mode. 
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control boundary to high Impedance 


This instruction conforms to the IEEE Standard 1149.1a-1993 HIGHZ instruction. The bypass register is 
selected in the scan path. A logic 0 value is captured in the bypass register during Capture-DR. The device 
operates in a modified test mode in which all device output terminals are placed in the high-impedance state, 
the device input terminals remain operational, and the normal on-chip logic function is performed. 


control boundary to 1/0 


This instruction conforms to the IEEE Standard 1149.1a-1993 CLAMP instruction. The bypass register is 
selected in the scan path. A logic 0 value is captured in the bypass register during Capture-DR. Data in the input 
BSCs is applied to the inputs of the normal on-chip logic, while data in the output BSCs is applied to the device 
output terminals. The device operates in the test mode. 


boundary run test 


The bypass register is selected in the scan path. A logic 0 value is captured in the bypass register during 
Capture-DR. The device operates in the test mode. The test operation specified in the BCR is executed during 
Run-Test/Idle. The four test operations decoded by the BCR are: sample inputs/toggle outputs (TOPSIP), 
PRPG, PSA, and simultaneous PSA and PRPG (PSA/PRPG). 


boundary read 


The BSR is selected in the scan path. The value in the BSR remains unchanged during Capture-DR. This 
instruction is useful for inspecting data after a PSA operation. 


boundary self test 


The BSR is selected in the scan path. All BSCs capture the inverse of their current values during Capture-DR. 
In this way, the contents of the shadow latches may be read out to verify the integrity of both shift-register and 
shadow-latch elements of the BSR. The device operates in the normal mode. 


boundary toggle outputs 


The bypass register is selected in the scan path. A logic 0 value is captured in the bypass register during 
Capture-DR. Data in the shift-register elements of the selected output BSCs is toggled on each rising edge of 
TCK in Run-Test/ldle and is then updated in the shadow latches and applied to the associated device output 
terminals on each falling edge of TCK іп Run-Test/Idle. Data in the selected input BSCs remains constant and 
is applied to the inputs of the normal on-chip logic. Data appearing at the device input terminals is not captured 
in the input BSCs. The device operates in the test mode. 


boundary-control-register scan 


The BCR is selected in the scan path. The value in the BCR remains unchanged during Capture-DR. This 
operation must be performed before a boundary-run test operation to specify which test operation is to 
be executed. 
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boundary-control-register opcode description 


The BCR opcodes are decoded from BCR bits 1-0, as shown in Table 3. The selected test operation is 
performed while the RUNT instruction is executed in the Run-Test/Idle state. The following descriptions detail 
the operation of each BCR instruction and illustrate the associated PSA and PRPG algorithms. 


Table 3. Boundary-Control Register Opcodes 


BINARY CODE | 
BIT 1 > ВТО DESCRIPTION 
MSB > LSB 


r O | Sample inputs/toggle outputs (TOPSIP) 


| O | Pseudo-random pattern generation/16-bit mode (PRPG) 
| рама Parallel-signature analysis/16-bit mode (PSA) i 
- Simultaneous PSA and PRPG/8-bit mode (PSA/PRPG) 





It should be noted, in general, that while the control input BSCs (bits 17—16) are not included in the sample, 
toggle, PSA, or PRPG algorithms, the output-enable BSCs (bits 17—16 of the BSR) do control the drive state 
(active or high impedance) of the selected device output terminals. 


sample inputs/toggle outputs (TOPSIP) 


Data appearing at the device input terminals is captured in the shift-register elements of the input BSCs on each 
rising edge of TCK. This data is then updated in the shadow latches of the input BSCs and applied to the inputs 
of the normal on-chip logic. Data in the shift-register elements of the output BSCs is toggled on each rising edge 
of TCK, updated in the shadow latches, and applied to the device output terminals on each falling edge of TCK. 


pseudo-random pattern generation (PRPG) 


A pseudo-random pattern is generated in the shift-register elements of the BSCs on each rising edge of TCK 
and then updated in the shadow latches and applied to the device output terminals on each falling edge of TCK. 
This data also is updated in the shadow latches of the input BSCs and applied to the inputs of the normal on-chip 
logic. Figure 5 shows the 16-bit linear-feedback shift-register algorithm through which the patterns are 
generated. An initial seed value should be scanned into the BSR before performing this operation. A seed value 
of all zeroes will not produce additional patterns. 


1A1 1A2 1A3 1A4 2A1 2A2 2A3 2A4 





J > 1Y1 1Y2 1Y3 1Y4 2Y1 2Y2 


Figure 5. 16-Bit PRPG Configuration 
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parallel-signature analysis (PSA) 


Data appearing at the device input terminals is compressed into a 16-bit parallel signature in the shift-register 
elements of the BSCs on each rising edge of TCK. This data is then updated in the shadow latches of the input 
BSCs and applied to the inputs of the normal on-chip logic. Data in the shadow latches of the output BSCs 
remains constant and is applied to the device outputs. Figure 6 shows the 16-bit linear-feedback shift-register 
algorithm through which the signature is generated. An initial seed value should be scanned into the BSR before 
performing this operation. 


1A1 1A2 1A3 1A4 2A1 2A2 2A3 2A4 





Figure 6. 16-Bit PSA Configuration 


simultaneous PSA and PRPG (PSA/PRPG) 


Data appearing at the device input terminals is compressed into an 8-bit parallel signature in the shift-register 
elements of the input BSCs on each rising edge of TCK. This data is then updated in the shadow latches of the 
input BSCs and applied to the inputs of the normal on-chip logic. At the same time, an 8-bit pseudo-random 
pattern is generated in the shift-register elements of the output BSCs on each rising edge of TCK, updated in 
the shadow latches, and applied to the device output terminals on each falling edge of TCK. Figure 7 shows 
the 8-bit linear-feedback shift-register algorithm through which the signature and patterns are generated. An 
initial seed value should be scanned into the BSR before performing this operation. A seed value of all zeroes 
will not produce additional patterns. 


1A1 1A2 1A3 1A4 2A1 2A2 2A3 2A4 





Ф J) > 1Y1 1Y2 1Y3 1Y4 2Y1 2Y2 2Y3 2Y4 


Figure 7. 8-Bit PSA/PRPG Configuration 
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timing description 


Alltest operations of the 'BCT8240A are synchronous to ТСК. Data onthe TDI, TMS, and normal-function inputs 
is captured on the rising edge of TCK. Data appears on the TDO and normal-function output terminals on the 
falling edge of TCK. The TAP controller is advanced through its states (as shown in Figure 1) by changing the 
value of TMS on the falling edge of TCK and then applying a rising edge to TCK. 


Asimple timing example is shown in Figure 8. In this example, the TAP controller begins in the Test-Logic-Reset 
state and is advanced through its states, as necessary, to perform one instruction-register scan and one 
data-register scan. While in the Shift-IR and Shift-DR states, TDI is used to input serial data and TDO is used 
to output serial data. The TAP controller is then returned to the Test-Logic-Reset state. Table 4 details the 
operation of the test circuitry during each TCK cycle. 


| Table 4. Explanation of Timing Example 


TCK TAP STATE 
CYCLE(S) | AFTER ТСК DESCRIPTION 
Р TMS is changed to a logic 0 value on the falling edge ої ТСК to begin advancing the TAP controller toward 
















битие [ы 
о БОНО 
бавни | — — ыы 


ЖОЙ Capture-IR The IR captures the 8-bit binary value 10000001 on the rising edge of TCK as the TAP controller exits the 





Capture-IR state. 


Shift-IR TDO becomes active and TDI is made valid on the falling edge of TCK. The first bit is shifted into the TAP 












on the rising edge of TCK as the TAP controller advances to the next state. 







One bit is shifted into the IR on each ТСК rising edge. With TDI held at a logic 1 value, the 8-bit binary value 
11111111 is serially scanned into the IR. Atthe same time, the 8-bit binary value 10000001 is serially scanned 
out of the IR via TDO. In TCK cycle 13, TMS is changed to a logic 1 value to end the IR scan on the next 
TCK cycle. The last bit of the instruction is shifted as the TAP controller advances from Shift-IR to Exit1-IR. 


Exit1-IR TDO becomes inactive (goes to the high-impedance state) on the falling edge of TCK. 
Update-IR The IR is updated with the new instruction (BYPASS) on the falling edge of TCK. 
бавно | 


Capture-DR The bypass register captures a logic 0 value on the rising edge of TCK as the TAP controller exits the 
p Capture-DR state. 


TDO becomes active and TDI is made valid on the falling edge of TCK. The first bit is shifted into the TAP 


ә еа. 


on the rising edge of TCK as the TAP controller advances to the next state. 
19-20 The binary value 101 is shifted in vía TDI, while the binary value 010 is shifted out via TDO. 


| o2 | Exit1-DR TDO becomes inactive (goes to the high-impedance state) on the falling edge of TCK 


7- 





= 
оз 


4 
6 
7 
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 





TMS | | | | | | 
МДАА ААА А АА 
TDI RRR 
тоо POON 
“| ° | cC | c |C с с |с|ј< |с с с | е | Е | с | 5 
8 |= T = 7/5 а а ala E] 
8881818 Е 2132948 = 13882 
ТАР е Е Е а o u |Е | 2 5 хм | 5|< с | 
1 “| б a шаа | 
Controller} 915121916 > |. | с 54159 
State | 1 Е | 2 3 $9 21213 
© #8 $ 82 
F É 


К 3-State (ТОО) or Don't Care (TDI) 


Figure 8. Timing Example 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 


Supply voltage: range; Уса назалы рака velit bie m T БЫ d.e ud Vd -0.5Vto7 V 
Input voltage range, Vi: except TMS (see Note 1) ...................................... -0.5Vto7 V 
TMS (see Note 1) ........... hia eel aod iw EDUC adt У V-10112:V 

Voltage range applied to any output in the disabled or power-off state ............. .......-0.5У105.5У 
Voltage range applied to any output in the high state .................................. 0.5 М to МСС 
Input clamp current, цк ............. —— SR М Ты бан aa Reli quos E M MD ақ тања ES a. .... 790 mA 
Current into any output in the low state: SN54BCT8240A (ТОО) ............................... 40 mA 
SN54BCT8240A (any Y) .............................. 96 mA 

SN74BCT8240A (ТОО) ............................... 48 ПА 

SN74BCT8240A (any Y) ............................. 128 mA 

Maximum power dissipation at TA = 55°C (in still air) (see Note 2): DW package .................. 1.7W 
NT package ................... 1.3 W 

Storage temperature range, Таја „еее ине ини У —65°С to 150°C 


t Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1. The input voltage rating may be exceeded if the input clamp-current rating is observed. 


2. The maximum package power dissipation is calculated using a junction temperature of 150°C and a board trace length of 750 mils, 
except for the NT package, which has trace length of zero. For more information, refer to the Package Thermal Considerations 
application note іп the ABT Advanced BiCMOS Technology Data Book, literature number SCBD002. 
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recommended operating conditions 


SN54BCT8240A SN74BCT8240A 
| MN NOM MAX| MIN NOM мАХ| “МТ 


Fc Supywmge ———  — — — | 48 8 55] as s ss V 
Ti TT ITE ү == НЕКА 
Dv Doublehighevelinutvotags мо L o L L | 
EU T ВИННИ LINEA НН СЯ 
—— vemos 


Input clamp current а 


Іон High-level output current 


IOL Low-level output current 





TA Operating free-air temperature . 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 


|  SN54BCT8240A | SN74BCT8240A 
PARAMETER TEST CONDITIONS UNIT 
MIN EE MAX| MIN TYPT MAX 






























[v [veo = 48, mA eee л ee ҒЫН 
али ayaa ат s 
bonema БЕЗЕ рим 
Any Y јон 
Voo=4.5V — [lon =-12mA __2 32 || 
Он = 15 mA pop UU 
manm cm ет за Ap И 
asa БЕ0Е т рим 
Voc = 4.5V OH 
ЕЕЕ | 24 33 __| 24 33 | 
038 055 | 
AY  |Vcc-45V 
loL 64 mA т 042 05 
loL-20mA — |) 03 05| 
mo |уоо-4ву ce 
FEET 09 05 
—— =5.5V, =5.5V ptm 
|H |. | Мссе5.5М, По» -1 -35 -100| -1 -35 -100| pA | 
ЕСТЕН клан Cor = wn ae s 
jl  [vcc=5.5v, V| = 0.5 V -30 -70 -200| -30 -200| pA | 
AN ое ыш шь 
== a Ө -35 -100 -35 -100 
за ~ | МУСА GE ED — ы 
= e о | 2% 200 
lozPu Voc=0to2V,  Vo=05Vo0r27V ee 
ОРО Үсс-2/00, Vo = 0.5 V or2.7 V 
ion [осто  Момо<аву 
lost Voc =5.5\,  Уо-«0 | 225] -100 -225 






Cups high 
сс \сс=55, _ Oupusopen [Оз — | — 35 6 % E| 










Outputs disabled | 15 — 35| 15 3.5 
а —— [Voos — We2SVorüsv [o-— cue 






По — — |Vec-5V. — У0-26У495У [-— cci rs 


= ТТ typical values аге at Voc = 5 V, Ta = 25°С. 
+ Not more than one output should be shorted at a time, and the duration of the short circuit should not exceed one second. 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (test mode) (see Figure 9 


Усс:5Ч |sN54BCT8240A | SN74BCT8240A 
ТА = 25°C UNIT 













| токпо — | 2 | 2 | 2 | 
tw Pulse duration TMS double high 
in __| s [шо — | s | 
мулт [в | 6 ù 6e | 
| AnyOEbetoreToKT | 6 | e ù| e | 
tsu Setup time 
ToipetoreToKT __| 6 [в [в | 
TMSberoreToKT | 2 | e | 2 Jj 
му айат __| 45 | 45 | 4 | 
| Апу бванотокт | 45 | 45 | < | 
th Hold time 
TDlafterToKT | 45 | 45 | 45 | 
TSaterToxT __| o | 9 j o j 
td Delay time Power up to TCKT | 10 | ш — | 


* On products compliant to MIL-PRF-38535, this parameter is not production tested. 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (normal mode) (see Figure 9) 


FROM TO _ AN BN SN54BCT8240A | SN74BCT8240A 
INPUT OUTPUT 
idi OUTPUT T MN ТҮР МАХ тин че сылк} ын ISU ым: мю 


switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (test mode) (see Figure 9) 










PARAMETER 







tPLH 
tPHL 
tPZH 
tPZL 
ЕНІ 









Voc 25V, 
FROM TO T 25°C SN54BCT8240A | SN74BCT8240A 
ЕАЛАМЕ ЕН (INPUT) (OUTPUT) Pun ne a un EI UNIT 
ЕВЕ ЕГИН ТҮҮ ВЕНЕ 
PLH TOK! 
Сев в еи е а 
БЕТШШЕ! esp s ЕГ ИШЕ 
ыи и ы = ъ= 
ај врта 
Сага вв | ва тај as 
e u e| в мр в z 
is a 
eC A == Y RS =. 


t mp 99 ЕЕ. ЕЕГ 


rex? ms | e af e 7 
ws | e | e 2 
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PARAMETER MEASUREMENT INFORMATION 


7 V (tPZL, tPLZ, O.C.) : 
Ореп 
(all others) 





51 






Тез! 


From Output 
Under Test Point 
CL R2 
(see Note A) 
RL =R1 = R2 
LOAD CIRCUIT FOR 


3-STATE AND OPEN-COLLECTOR OUTPUTS 


Timing Input 45V 


ng ——— sv 
Data Input 15V 1.5У 
ом 


VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 


при“ ТҰТ зу 
1.5У 1.5V 
| ov 
| 
tPLH > | Әні. 


In-Phase | | ---- Уон 
Output | 15V | 1.5 У 
—— 


| М VOL 
ыл», М (-- 
tPHL—-+&—l | 
| | Мон 
Out-of-Phase 
Output 15V TAN VoL 


VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES (see Note D) 


tPLH 


NOTES: А. Сү includes probe and Jig capacitance. 


From Output Test 
Under Test Point 
CL R1 
(see Note A) 
LOAD CIRCUIT FOR 


TOTEM-POLE OUTPUTS 


High-Level и 
Pulse 15V 1.5 V 
оу 


| 
le— tw 


| 
| | 
Low-Level 1.5V 15V 
Pulse -------- 0V 
VOLTAGE WAVEFORMS 
PULSE DURATION 
Output та 
шри 
Control | Tov NR оу 
(low-level enable) zal k | 
Рд. | > = ы. - 
| 3.5 V 
Waveform 1 | N 15V | ди, да 
(see Note В) | —— Е VOL 
tPZH <- + 
Waveform 2 — ==: Мон 
(see Note B) 15У А озу 
ОМ 
VOLTAGE WAVEFORMS 


ENABLE AND DISABLE TIMES, 3-STATE OUTPUTS 


В. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 


moo 


Figure 9. Load Circuits and Voltage Waveforms 


. All input pulses are supplied by generators having the following characteristics: PRR < 10 MHz, tr = tt < 2.5 ns, duty cycle = 50%. 
. The outputs are measured one at a time with one transition per measurement. 
. When measuring propagation delay times of 3-state outputs, switch S1 is open. 
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=| € Members of the Texas Instruments SN54BCT8244A ... JT PACKAGE 


M SN74BCT8244A ... DW OR NT PACKAGE 
SCOPE™ Family of Testability Products (TOP VIEW) 


€ Octal Test-Integrated Circuits 


ө Functionally Equivalent to 'F244 and 
'BCT244 іп the Normal-Function Mode 


е Compatible With the IEEE Standard 
1149.1-1990 (JTAG) Test Access Port and 
Boundary-Scan Architecture 


е Test Operation Synchronous to Test 
Access Port (TAP) 


© Implement Optional Test Reset Signal by 
Recognizing a Double-High-Level Voltage 
(10 V) on TMS Pin 


© SCOPE" Instruction Set 

— IEEE Standard 1149.1-1990 Required 
Instructions, Optional INTEST, CLAMP 
and HIGHZ SN54BCT8244A ... FK PACKAGE 

- Parallel-Signature Analysis at Inputs (TOP MEN) 

— Pseudo-Random Pattern Generation 
From Outputs 

— Sample Inputs/Toggle Outputs 


€ Package Options Include Plastic 
Small-Outline (DW) Packages, Ceramic 
Chip Carriers (FK), and Standard Plastic 
and Ceramic 300-mil DIPs (JT, NT) 





description 


The 'BCT8244A scan test devices with octal 
buffers are members of the Texas Instruments 
SCOPE" testability integrated-circuit family. This 
family of devices supports IEEE Standard 
1149.1-1990 boundary scan to facilitate testing of NC - No internal connection 
complex circuit-board assemblies. Scan access 

to the test circuitry is accomplished via the 4-wire 

test access port (TAP) interface. 





In the normal mode, these devices are functionally equivalent to the 'F244 and 'BCT244 octal buffers. The test 
circuitry can be activated by the TAP to take snapshot samples of the data appearing at the device terminals 
or to perform a self test on the boundary-test cells. Activating the TAP in normal mode does not affect the 
functional operation of the SCOPE!" octal buffers. 


In the test mode, the normal operation of the SCOPE" octal buffers is inhibited and the test circuitry is enabled 
to observe and control the /О boundary of the device. When enabled, the test circuitry can perform 
boundary-scan test operations, as described in IEEE Standard 1149.1-1990. | 


SCOPE is a trademark of Texas Instruments Incorporated. 


PRODUCTION DATA Infomation в currant ss ot blleatton date. | Copyright © 1996, Texas Instruments Incorporated 
ucts conform to specifications per the terms of Texas Instruments On products compliant to MIL-PRF-38535, all parameters are tested 
standard warranty. Production processing does not necessarily Include i Sn pror ин noted. On all other Podu production 


св, 
testing of all parameters. does not necessarily Include Bs of all parameters. 
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description (continued) 


Four dedicated test terminals control the operation of the test circuitry: test data input (TDI), test data output 
(TDO), test mode select (TMS), and test clock (TCK). Additionally, the test circuitry performs other testing 
functions such as parallel-signature analysis (PSA) on data inputs and pseudo-random pattern generation 
(PRPG) from data outputs. All testing and scan operations are synchronized to the TAP interface. 


The SN54BCT8244A is characterized for operation over the full military temperature range of —55?C to 125°C. 
The SN74BCT8244A is characterized for operation from 0°C to 70°C. 


FUNCTION TABLE 
(normal mode, each buffer) 


"SE a OUTPUT 


2 
L L 
H 


'BCT8244A 





logic symbolt 





TDO 


1Y1 
iY2 
1ҮЗ 
1Ү4 
2Y1 
2Y2 
273 
274 


T This symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 
Pin numbers shown are for the DW, JT, and NT packages. 
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functional block diagram 
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Pin numbers shown are for the DW, JT, and NT packages. 


Controller 
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Terminal Functions 


TERMINAL NAME |: | DESCRIPTION 


1A1-1A4, 2A1-2A4 Normal-function data inputs. See function table for normal-mode logic. Internal pullups force these inputs high if left 


unconnected. 


Normal-function output-enable inputs. See function table for normal-mode logic. Internal pullups force these inputs 


high if left unconnected. 
TCK 
TDI 
TDO 
TMS 
f 
Voc 
















Test clock. One of four terminals required by IEEE Standard 1149.1-1990. Test operations of the device are 
synchronous to ТСК. Data is captured on the rising edge of TCK and outputs change on the falling edge of TCK. An 
internal pullup forces TCK to a high level if left unconnected. 


Test data input. One of four terminals required by IEEE Standard 1149.1-1990. TDI is the serial input for shifting data 
through the instruction register or selected data register. An internal pullup forces TD! to a high level if left unconnected. 


Test data output. One of four terminals required by IEEE Standard 1149.1-1990. TDO is the serial output for shifting 
data through the instruction register or selected data register. An internal pullup forces TDO to a high level when it is 
not active and is not driven from an external source. 


Test mode select. One of four terminals required by IEEE Standard 1149.1-1990. TMS directs the device through its 
TAP controller states. An internal pullup forces TMS to a high level if left unconnected. TMS also provides the optional 
test reset signal of IEEE Standard 1149.1-1990. This is implemented by recognizing a third logic level, double high 
(Мнн), at TMS. | 


Supply voltage ` 
Normal-function data outputs. See function table for normal-mode logic. 















1Y1-1Y4, 2Y1-2Y4 
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test architecture 


Serial-test information is conveyed by means of a 4-wire test bus, or TAP, that conforms to IEEE Standard 
1149.1-1990. Test instructions, test data, and test control signals all are passed along this serial-test bus. The 
TAP controller monitors two signals from the test bus, TCK and TMS. The TAP controller extracts the 
synchronization (TCK) and state control (TMS) signals from the test bus and generates the appropriate on-chip 
control signals for the test structures in the device. Figure 1 shows the TAP-controller state diagram. 


The TAP controller is fully synchronous to the TCK signal. Input data is captured on the rising edge of TCK, and 
output data changes on the falling edge of TCK. This scheme ensures that data to be captured is valid for fully 
one-half of the TCK cycle. 


The functional block diagram shows the IEEE Standard 1149.1-1990 4-wire test bus and boundary-scan 
architecture and the relationship among the test bus, the TAP controller, and the test registers. As shown, the 
device contains an 8-bit instruction register and three test-data registers: an 18-bit boundary-scan register, a 
2-bit boundary-control register, and a 1-bit bypass register. 





Test-Logic-Reset d 






TMS =H 





Select-DR-Scan 


Capture-DR : 
с Pause-DR I 


Update-DR 










Select-IR-Scan 


E Capture-IR 


== 


Update-IR 


Run-Test/Idle ) 






| 


TMS = L 

















Figure 1. TAP-Controller State Diagram 
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state diagram description 


The TAP controller is a synchronous finite state machine that provides test contro! signals throughout the device. 
The state diagram shown in Figure 1 is in accordance with IEEE Standard 1149.1-1990. The TAP controller 
proceeds through its states based on the level of TMS at the rising edge of TCK. 


As shown, the TAP controller consists of 16 states. There are six stable states (indicated by a looping arrow in 
the state diagram) and ten unstable states. A stable state is a state the TAP controller can retain for consecutive 
TCK cycles. Any state that does not meet this criterion is an unstable state. 


There are two main paths through the state diagram: one to access and control the selected data register and 
one to access and control the instruction register. Only one register can be accessed at a time. 


Test-Logic-Reset 


The device powers up in the Test-Logic-Reset state. In the stable Test-Logic-Reset state, the test logic is reset 
and is disabled so that the normal logic function of the device is performed. The instruction register is reset to 
an opcode that selects the optional IDCODE instruction, if supported, or the BYPASS instruction. Certain data 
registers also can be reset to their power-up values. 


The state machine is constructed such that the TAP controller returns to the Test-Logic-Reset state in no more 
than five TCK cycles if TMS is left high. The TMS pin has an internal pullup resistor that forces it high if left 
unconnected or if a board defect causes it to be open circuited. 


For the "ВСТ8244А, the instruction register is reset to the binary value 11111111, which selects the BYPASS 
instruction. The boundary-control register is reset to the binary value 10, which selects the PSA test operation. 


Run-Test/Idle 


The TAP controller must pass through the Run-Test/Idle state (from Test-Logic-Reset) before executing any test 
operations. The Run-Test/ldle state also can be entered following data-register or instruction-register scans. 
Run-Test/Idle is a stable state in which the test logic may be actively running a test or may be idle. 


The test operations selected by the boundary-control register are performed while the TAP controller is in the 
Run-Test/ldle state. | 


Select-DR-Scan, Select-IR-Scan 


No specific function is performed in the Select-DR-Scan and Select-IR-Scan states, dnd the TAP controller exits 
either of these states on the next TCK cycle. These states allow the selection of either data-register scan or 


сер жамыла әсе 


instruction-register scan. 
Capture-DR 


When a data-register scan is selected, the TAP controller must pass through the Capture-DR state. In the 
Capture-DR state, the selected data register may capture a data value as specified by the current instruction. 
Such capture operations occur on the rising edge of TCK, даа which the TAP controller exits the 
Capture-DR state. 


Shift-DR 


Upon entry to the Shift-DR state, the data register is placed i in the scan path between TDI and TDO and, on the 
first falling edge of TCK, TDO goes from the high-impedance state to an active state. TDO enables to the logic 
level present in the least-significant bit of the selected data register. 


While in the stable Shift-DR state, data is serially shifted through the selected data register on each ТСК cycle. 
The first shift occurs on the first rising edge of TCK after entry to the Shift-DR state (i.e., no shifting occurs during 
the TCK cycle in which the TAP controller changes from Capture-DR to Shift-DR or from Exit2-DR to Shift-DR). 
The last shift occurs on the rising edge of TCK, upon which the TAP controller exits the Shift-DR state. 
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Exit1-DR, Exit2-DR 


The Exit1-DR and Exit2-DR states are temporary states that end а data-register scan. It is possible to return 
to the Shift-DR state from either Exiti-DR or Exit2-DR without recapturing the data register. 


On the first falling edge of ТСК after entry to Ехі1-ОН, ТОО goes from the active state to the 
high-impedance state. 


Pause-DR 


No specific function is performed in the stable Pause-DR state, in which the TAP controller can remain 
indefinitely. The Pause-DR state suspends and resumes data-register scan operations without loss of data. 


Update-DR 


If the current instruction calls for the selected data register to be updated with current data, then such update 
occurs on the falling edge of TCK, following entry to the Update-DR state. 


Capture-IR 


When an instruction-register scan is selected, the TAP controller must pass through the Capture-IR state. In 
the Capture-IR state, the instruction register captures its current status value. This capture operation occurs 
on the rising edge of TCK, upon which the TAP controller exits the Capture-IR state. 


For the 'BCT82444A, the status value loaded іп the Capture-IR state is the fixed binary value 10000001. 
Shift-IR 


Upon entry to the Shift-IR state, the instruction register is placed in the scan path between TDI and TDO and, 
on the first falling edge of TCK, TDO goes from the high-impedance state to an active state. TDO enables to 
‘the logic level present іп the least-significant bit of the instruction register. 


While in the stable Shift-IR state, instruction data is serially shifted through the instruction register on each TCK 
cycle. The first shift occurs on the first rising edge of TCK after entry to the Shift-IR state (i.e., no shifting occurs 
during the TCK cycle in which the TAP controller changes from Capture-IR to Shift-IR or from Exit2-IR to 
Shift-IR). The last shift occurs on the rising edge of TCK, upon which the TAP controller exits the Shift-IR state. 


Exit1-IR, Exit2-IR 


The Exiti-IR and Exit2-IR states are temporary states that end an instruction-register scan. It is possible to 
return to the Shift-IR state from either Exit1-IR or Exit2-IR without recapturing the instruction register. 


On the first falling edge of TCK after entry to Exiti-IR, ТОО goes from the active state to the 
high-impedance state. 


Pause-IR 


No specific function is performed in the stable Pause-IR state, in which the TAP controller can remain 
indefinitely. The Pause-IR state suspends and resumes instruction-register scan operations without loss of 
data. 


Update-IR 


The current instruction is updated and takes effect on the falling edge of TCK, following entry to the 
Update-IR state. 
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register overview 


With the exception of the bypass register, any test register may be thought of as a serial-shift register with a 
shadow latch on each bit. The bypass register differs in that it contains only a shift register. During the 
appropriate capture state (Capture-IR for instruction register, Capture-DR for data registers), the shift register 
may be рага!е! loaded from a source specified by the current instruction. During the appropriate shift state 
(Shift-IR or Shift-DR), the contents of the shift register are shifted out from TDO while new contents are shifted 
in at TDI. During the appropriate update state (Update-IR or Update-DR), the shadow latches are updated from 
the shift register. | 


instruction register description 


The instruction register (IR) is eight bits long and tells the device what instruction is to be executed. Information 
contained in the instruction includes the mode of operation (either normal mode, in which the device performs 
its normallogic function, ortest mode, in which the normal logic function is inhibited or altered), the test operation 
to be performed, which of the three data registers is to be selected for inclusion in the scan path during 
data-register scans, and the source of data to be captured into the selected data register during Capture-DR. 


Table 2 lists the instructions supported by the 'BCT8244A. The even-parity feature specified for SCOPE™ 
devices is not supported in this device. Bit 7 of the instruction opcode is a don't-care bit. Any instructions that 
are defined for SCOPE™ devices but are not supported by this device default to BYPASS. 


During Capture-IR, the IR captures the binary value 10000001. As an instruction is shifted in, this value is shifted 


· out via ТОО and can be inspected as verification that the IR is in the scan path. During Update-IR, the value 


TDI 


that has been shifted into the IR is loaded into shadow latches. At this time, the current instruction is updated 
and any specified mode change takes effect. At power up or in the Test-Logic-Reset state, the IR is reset to the 
binary value 11111111, which selects the BYPASS instruction. The IR order of scan is shown in Figure 2. 





Figure 2. Instruction Register Order of Scan 


data register description 


boundary-scan register 


The boundary-scan register (BSR) is 18 bits long. It contains one boundary-scan cell (BSC) for each 
normal-function input pin and one BSC for each normal-function output pin. The BSR is used 1) to store test 
data that isto be applied internally to the inputs of the normal on-chip logic and/or externally to the device output 
terminals, and/or 2) to capture data that appears internally at the outputs of the normal on-chip logic and/or 
externally at the device input terminals. 


The source of data to be captured into the BSR during Capture-DR is determined by the current instruction. The 
contents of the BSR may change during Run-Test/Idle as determined by the current instruction. The contents 
of the BSR are not changed in Test-Logic-Reset. 


The BSR order of scan is from TDI through bits 17—0 to TDO. Table 1 shows the BSR bits and their associated 
device pin signals. | | 
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Table 1. Boundary-Scan Register Configuration 

NUMBER SIGNAL NUMBER SIGNAL NUMBER SIGNAL 
т | GE ec | w [| 7? [т 
| 4 | œ | + | mw | s | r | 
13 A3 
12 
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boundary-control register 


The boundary-control register (BCR) is two bits long. The BCR is used in the context of the RUNT instruction 
to implement additional test operations not included in the basic SCOPE™ instruction set. Such operations 
include PRPG and PSA. Table 3 shows the test operations that are decoded by the BCR. 


During Capture-DR, the contents of the BCR are not changed. At power up or in Test-Logic-Reset, the BCR is 
reset to the binary value 10, which selects the PSA test operation. The BCR order of scan is shown in Figure 3. 


то! тоо 





Figure 3. Boundary-Control Register Order of Scan 
bypass register 


The bypass register is a 1-bit scan path that can be selected to shorten the length of the system scan path, 
thereby reducing the number of bits per test pattern that must be applied to complete a test operation. 


During Capture-DR, the bypass register captures a logic 0. The bypass register order of scan is shown in 
Figure 4. | 


TDI TDO 


Figure 4. Bypass Register Order of Scan 
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instruction-register opcode description 


The instruction-register opcodes are shown in Table 2. The following descriptions detail the operation of 
each instruction. 


Table 2. Instruction-Register Opcodes 


BINARY CODET 
BIT 7 > ВТО SCOPE OPCODE DESCRIPTION SELECTED DATA 
REGISTER 
MSB — LSB 


[ xo | БҰРАР — | — — —  Bwasscm | es ___| Кота | 
|___хооооото | SAVPLEPRELOAD | — — батрешиу — — | Boundary scan | Normal | 
[хо | в [ Ву scan — | ме | Мота | 
[—xewow | ви ___| Вены | Brass | Noma | 
хотоо | 55" | Bypesssean | Әә | Кота | 
хотоо [ пом — | — Bounceryread — — | Boundary scan | ота | 
[ хочю | свит — | — волаву sattes — — | Boundaryscan | Қота | 
[— aromas | eyrass — | Буран | бе [| Мота | 


T Bit 7 is a don't-care bit; X = don't care. 
t The BYPASS instruction is executed in lieu of a SCOPE™ instruction that is not supported in the 'BCT8244A. 






















boundary scan | 


This instruction conforms to the IEEE Standard 1149.1-1990 EXTEST and INTEST instructions. The BSR is 
selected in Ше scan path. Data appearing at the device input terminals is captured in the input BSCs, while data 
appearing at the outputs of the normal on-chip logic is captured in the output BSCs. Daia that has been scanned 
into the input BSCs is applied to the inputs of the normal on-chip logic, while data that has been scanned into 
the output BSCs is applied to the device output terminals. The device operates in the test mode. 


bypass scan 


Й 


This instruction conforms to the IEEE Standard 1149.1-1990 BYPASS instruction. The bypass register is 
selected in the scan path. A logic 0 value is captured in the bypass register during Capture-DR. The device 
operates in the normal mode. 


sample boundary 


This instruction conforms to the IEEE Standard 1149.1-1990 SAMPLE/PRELOAD instruction. The BSR is 
selected in the scan path. Data appearing at the device input terminals is captured in the input BSCs, while data 
appearing at the outputs of the normal on-chip logic is captured in the output BSCs. The device operates in the 
normal mode. 





«3 TEXAS | 
INSTRUMENTS 


2-32 POST OFFICE BOX 655303 € DALLAS, TEXAS 75265 


SN54BCT8244A, SN74BCT8244A 
SCAN TEST DEVICES 
WITH OCTAL BUFFERS 


5СВ5042Е - FEBRUARY 1990 - REVISED JULY 1996 


control boundary to high impedance 


This instruction conforms to the IEEE Standard 1149.1a-1993 HIGHZ instruction. The bypass register is 
selected in the scan path. A logic O value is captured in the bypass register during Capture-DR. The device 
operates in a modified test mode in which all device output terminals are placed in the high-impedance state, 
the device input terminals remain operational, and the normal on-chip logic function is performed. 


control boundary to 1/0 


This instruction conforms to the IEEE Standard 1149.1a-1993 CLAMP instruction. The bypass register is 
selected in the scan path. A logic 0 value is captured in the bypass register during Capture-DR. Data in the input 
BSCs is applied to the inputs of the normal on-chip logic, while data in the output BSCs is applied to the device 
output terminals. The device operates in the test mode. 


boundary run test 


The bypass register is selected in the scan path. A logic 0 value is captured in the bypass register during 
Capture-DR. The device operates in the test mode. The test operation specified in the BCR is executed during 
Run-Test/Idle. The four test operations decoded by the BCR are: sample inputs/toggle outputs (TOPSIP), 
PRPG, PSA, and simultaneous PSA and PRPG (РЗА/РКРО). 


boundary read 


The BSR is selected in the scan path. The value in the BSR remains unchanged during Capture-DR. This 
instruction is useful for inspecting data after a PSA operation. 


boundary self test 


The BSR is selected in the scan path. All BSCs capture the inverse of their current values during Capture-DR. 
In this way, the contents of the shadow latches may be read out to verify the integrity of both shift-register and 
shadow-latch elements of the BSR. The device operates in the normal mode. 


boundary toggle outputs 


The bypass register is selected in the scan path. A logic 0 value is captured in the bypass register during 
Capture-DR. Data in the shift register elements of the selected output BSCs is toggled on each rising edge of 
ТСК in Run-Test/Idle and is then updated in the shadow latches and applied to the associated device output 
terminals on.each falling edge of ТСК in Run-Test/Idle. Data in the selected input BSCs remains constant and 
is applied to the inputs of the normal on-chip logic. Data appearing at the device input terminals is not captured 
in the input BSCs. The device operates in the test mode. 


boundary-control-register scan 


The BCR is selected in the scan path. The value in the BCR remains unchanged during Capture-DR. This 
operation must be performed before a boundary-run test operation to specify which test operation is to 
be executed. 
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boundary-control register opcode description 


The BCR opcodes are decoded from BCR bits 1-0, as shown in Table 3. The selected test operation is 
performed while the RUNT instruction is executed in the Run-Test/Idle state. The following descriptions detail 
the operation of each BCR instruction and show the associated PSA and PRPG algorithms. 


Table 3. Boundary-Control Register Opcodes 


BINARY CODE 
BIT 1 ВІТО DESCRIPTION 
MSB — LSB 


Sample inputs/toggle outputs (TOPSIP) 
Pseudo-random pattern generation/ 16-bit mode (PRPG) 


0 
1 





1! 
0 Parallel-signature analysis/16-bit mode (PSA) 
11 


Simultaneous PSA and PRPG/8-bit mode (PSA/PRPG) 


It should be noted, in general, that while the control input BSCs (bits 17-16) are not included in the sample, 
toggle, PSA, or PRPG algorithms, the output-enable BSCs (bits 17—16 of the BSR) do control the drive state 
(active or high impedance) of the selected device output terminals. f : 


sample inputs/toggle outputs (TOPSIP) 


Data appearing at the device input terminals is captured in the shift-register elements of the input BSCs on each 
rising edge of TCK. This data is then updated in the shadow latches of the input BSCs and applied to the inputs 
ofthe normal on-chip logic. Data in the shift register elements of the output BSCs is toggled on each rising edge 
of TCK, updated in the shadow latches, and applied to the device output terminals on each falling edge of TCK. 


pseudo-random pattern generation (PRPG) 


A pseudo-random pattern is generated in the shift-register elements of the BSCs on each rising edge of TCK 
andthen updated in the shadow latches and applied to the device output terminals on each falling edge of TCK. 
This data also is updated in the shadow latches of the input BSCs and applied to the inputs of the normal on-chip 
logic. Figure 5 shows the 16-bit linear-feedback shift-register algorithm through which the patterns are 
generated. An initial seed value should be scanned into the BSR before performing this operation. A seed value 
of all zeroes will not produce additional patterns. 


141 1A2 1A3 1A4 2A1 2A2 2A3 2A4 





ша 1Y1 1Y2 1Ү3 1Ү4 2Ү1 2Y2 273 274 


Figure 5. 16-Bit PRPG Configuration 
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parallel-signature analysis (PSA) 


Data appearing at the device input terminals is compressed into a 16-bit parallel signature in the shift-register 
elements of the BSCs on each rising edge of TCK. This data is then updated in the shadow latches of the input 
BSCs and applied to the inputs of the normal on-chip logic. Data in the shadow latches of the output BSCs 
remains constant and is applied to the device outputs. Figure 6 shows the 16-bit linear-feedback shift-register 
algorithm through which the signature is generated. An initial seed value should be scanned into the BSR before 


performing this operation. 


1A1 1A2 1A3 1A4 2A1 2A2 2A3 2A4 





© т Jj > 1Y1 1у2 1ҮЗ 1Y4 2Y1 2Y2 2Y3 2Ү4 


Figure 6. 16-Bit PSA Configuration 


simultaneous PSA and PRPG (PSA/PRPG) 


Data appearing at the device input terminals is compressed into an 8-bit parallel signature in the shift-register 
elements of the input BSCs on each rising edge of TCK. This data is then updated in the shadow latches of the 
input BSCs and applied to the inputs of the normal on-chip logic. At the same time, an 8-bit pseudo-random 
pattern is generated in the shift-register elements of the output BSCs on each rising edge of TCK, updated in 
the shadow latches, and applied to the device output terminals on each falling edge of TCK. Figure 7 shows 
the 8-bit linear-feedback shift-register algorithm through which the signature and patterns are generated. An 
initial seed value should be scanned into the BSR before performing this operation. A seed value of all zeroes 
will not produce additional patterns. 
1A1 1A2 1A3 1A4 2A1 2A2 2A3 2A4 





J > 1Y1 1Y2 1Y3 1Ү4 2Ү1 2Y2 2Y3 274 


Figure 7. 8-Bit PSA/PRPG Configuration 
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timing description 


All test operations of the 'BCT8244A are synchronous to ТСК. Data on the TDI, TMS, and normal-function inputs 
is captured on the rising edge of TCK. Data appears on the TDO and normal-function output terminals on the 
falling edge of TCK. The TAP controller is advanced through its states (as shown in Figure 1) by changing the 
value of TMS on the falling edge of TCK and then applying a rising edge to TCK. 


A simple timing example is shown in Figure 8. In this example, the TAP controller begins in the Test-Logic-Reset 
state and is advanced through its states, as necessary, to perform one instruction-register scan and one 
data-register scan. While in the Shift-IR and Shift-DR states, TDI is used to input serial data and TDO is used 
to output serial data. The TAP controller is then returned to the Test-Logic-Reset state. Table 4 details the 
operation of the test circuitry during each TCK cycle. 


Table 4. Explanation of Timing Example 


mon TAP STATE 
CYCLE(S) AFTER TCK DESCRIPTION 
А TMS is changed to a logic 0 value on the falling edge of TCK to begin advancing the TAP controller toward 
Test-Logic-Reset | the desired state, | 


От [ышт —_ _ 7 7 
soas ООО 
Sans [SS 


Capture-IR The IR captures the 8-bit binary value 10000001 on the rising edge of TCK as the TAP controller exits the 
P Capture-IR state. 
ка ЖҮЗГЕ ТОО becomes active and TDI is made valid on the falling edge of ТСК. The first bit is shifted into the ТАР 
Update- The IR is updated with the new instruction (BYPASS) on the falling edge of TCK. 
зев | Пт 


R 
IR 
The bypass register captures a logic 0 value on the rising edge of TCK as the TAP controller exits the 
Capture-DR 
Capture-DR state. . 
R 
DR 


14 

17 
TDO becomes active and TDI is made valid on the falling edge of TCK. The first bit is shifted into the TAP 
on the rising edge of TCK as the TAP controller advances to the next state. 

















on the rising edge of TCK as the TAP controller advances to the next state. 








One bit is shifted into the IR on each TCK rising edge. With TDI held at a logic 1 value, the 8-bit binary value 
11111111 is serially scannedinto the IR. Atthe same time, the 8-bit binary value 10000001 is serially scanned 
out of the IR via TDO. In TCK cycle 13, TMS is changed to a logic 1 value to end the IR scan on the next 
ТСК cycle. The last bit of the instruction is shifted as the TAP controller advances from Shift-IR to Exit1-IR. 


[14 | Exit1-IR TDO becomes inactive (goes to the high-impedance state) on the falling edge of TCK. 






| вон | TDO becomes inactive (goes to the high-impedance state) on the falling edge of TCK 
Update- In general, the selected data register is updated with the new data on the falling edge of TCK 


нова пъ 
бона | — ————  —  ] 


Test-Logic-Reset | Test operation completed 


| 
| 
19-20 Shift-D The binary value 101 is shifted in via TDI, while the binary value 010 is shifted out via TDO. 
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1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18 19 20 21 22 23 24 25 





TMS | | | | | | 
TDI 
тоо = 
со E |Е | а с сісісі|с с сісісіс | 5 
2181818 | = + 1218 а с па зау 
2 |? 0 1 5 Е Е | 5 , Š ш r | , Pie 
map |5 В ЕЕ |: 5 НЕ š 98888 
Controller :|5)|318 5418 ajj% 
SS | [3 | ġ 8 213 Е 8 
State |t 2 з o ез 5 
o о 
ЕЕ. 3 ЕЕ 


3-State (ТОО) or Don’t Care (TDI) 


Figure 8. Timing Example 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage range, VEG «vs esee re dra eee tae жаза ee ита вв наивна -0.5Vto7 V 
Input voltage range, Vi: except TMS (see Note 1) ...................................... -0.5Vto7V 
| TMS вее Nóta- T) аеро ва ia Sane о қа dá та —0.5 V to 12 V 
Voltage range applied to any output іп the disabled or power-off state .................... -0.5 V to 5.5 V 
Voltage range applied to any output inthe high state .................................. -0.5 V to Vcc 
Input clamp'/currant, lie cese eene trek s тты ЖҰЛА eles MERE пате eda ez es -30 mA 
Current into any output in the low state: SN54BCT8244A (ТОО) ............................... 40 mA 
SN54BCT8244A (any Y) .............................. 96 mA 

SN74BCT8244A (ТОО) ............................... 48 mA 

SN74BCT8244A (any Y) ............................. 128 mA 

Maximum power dissipation at TA = 55°C (in still air) (see Note 2): DW package .................. 1.7W 
NT package ................... 1.3 W 

Storage temperature range, Ту ................................................... —65°С to 150°C 


1 Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1. The input voltage rating may be exceeded if the input clamp-current rating is observed. 


2. Тһе maximum package power dissipation is calculated using a junction temperature of 150°C and a board trace length of 750 mils, 
except for the NT package, which has a trace length of zero. For more information, refer to the Package Thermal Considerations 
application note in the ABT Advanced BiCMOS Technology Data Book, literature number SCBD002. 
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recommended operating conditions 


SN54BCT8244A SN74BCT8244A 
[MN NOM мах | MN NOM MAX| ^. 


[Voc мене  — [5 514505 58] V 
б ш о оу == S E s ПИЕ 
унн  Double-high-level input voltage 
rr ов ов] v- 
ee 


High-level output current 




















loL Low-level output current 


TA Operating free-air temperature 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 































- SN54BCT8244A SN74BCT8244A 
PARAMETER TEST CONDITIONS UNIT 
MIN ТҮРІ МАХ | MIN ТҮРІ MAX 
as ea Po ae C D| и 
Voc#4.75V, _ lou s-3mA 27 34 27 34 
24 м | 24 34 
Any Y OB 
Vcc-45V — [louz-12mA | 2 32 | 
ЖЕШЕТ; = == == 
(шен. час ны “ызы [ә a4 | 
Со [as ы рим 
Voc =4.5V 
EY [24 33 [| 24 33 | 
io = 48 mA бз 08 —  — | 
Any Y Усс-4.5У 
ET р sz s= 
һо.- ла ИИС _ 
то |Мсо- 4.5V OL = 
DERIT C C | Gs T 
—— ЫБ, Мевву ыы. 
ни ____--| со =559 ТЕГЕ, -1 -35 -100 -35 -100| pA | 
De E Пие [Veo=55v,  М-10У = 
6 |ХУсс- 55У, VI= 0.5 V -70 -200 -70 -200 
и МГ аа 
TE E 2 35—10 35—100 
Сы ав Г ы 
ха Ho Hes 9s 70—20 70—200 
lozPU__ Мсс= 01027 Vo-05Vor27V 
lOZPD Veo =2Vto0, Vo = 05 V or27 V 
"и Моро — — Момосаву 
lost Мес=55/ Уо-0 | -100 ______-225 | -100 — -25) mA | 
Outputs high 35 75 
сс Voc=55V,  Outputsepen [Ою | % |  % | 







Outputs disabled | 15 35 | 15 3.5 
[Gg  [Voo-5M EO 
[5 veo =5, Vo=2.5V or 05 Ee l 





Т Ali typical values are at Voc = 5 V, ТА = 25°C. 
+ Not more than one output should be shorted at a time, and the duration of the short circuit should not exceed one second. 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (test mode) (see Figure 9) 


Усс = 5 У, 
o SN54BCT8244A | SN74BCT8244A 


foge Clock frequency 
| токтон | 25 — | 25 — | 25 | 
= тизет | o | o f o 


w 
Any AbetoreTOKT | S — | e j] 
| NONE Any OE before TCKT | 6 | 
up ti 
А с | TDI before TOKT | 6 | 
TMS before TCKT | 12 


Any A after TCKT 45 | 













t 


| Any OE after TCKT 
th Hold time 
TDI after TCKT 
TMS after TCKT 
td Delay time Power up to TCKT 


* On products compliant to MIL-PRF-38535, this parameter is not production tested. 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (normal mode) (see Figure 9) 


Voc = 5 У, 
FROM T4 25°С SN54BCT8244A | SN74BCT8244A 
PARAMETER (INPUT) Suni — UNIT 
We мах мн ик ын MAX 





switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (test mode) aia Figure 9) 


Voc =5V, 
FROM Ова SN54BCT8244A | SN74BCT8244A 
PARAMETER (INPUT) (OUTPUT A= 


ТҮР мах | Мн мАх| мм MAX 
Se Sasa ша ас ева бе. ЕТ 












t — 5 5 иә — a 
РЕН ток 
125 15.5 5 в s 52 


35 105 
T5 155 









| № | 
6.5 17 [esa es 1 

= mE TCKL 

| __ Ра | EI = = = ==. 


35 76 105] 35 15| 35 t| 
m жаған теку 
— 85 1 4 135 5] = 


ен 5 22 5 27 
TCKT 
| fz | 8 
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PARAMETER MEASUREMENT INFORMATION 


Open 


ТУ (tPZL; tpLz, О.С.) | 
(all others) 
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From Output 
Under Test 
CL 

(seo Note A) 


LOAD CIRCUIT FOR 
3-STATE AND OPEN-COLLECTOR OUTPUTS 


3v 
Timing Input 4.5 V 
—————— оу 
tsu > 4 rth _ iy 
Data Input 15V 15V 
. OV 
VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 
input | /- ТТ зу 
1.5 У 1.5\' 
{рін 4—0 мом 
АУ _ ен 
In-Phase | | asa Мон 
Output | 15У | 15V | 
| VOL 
| 1 $ ірін 
ірні--М | 
Out-of-Phase | | VoH 
Output 1.5 V 1.5 V 
—— VoL 
VOLTAGE WAVEFORMS 


PROPAGATION DELAY TIMES (see Note D) 


NOTES: A. Сі includes probe and jig capacitance. 


From Output Test 
Under Test Ром 
CL R1 
(see Note A) 


LOAD CIRCUIT FOR 
TOTEM-POLE OUTPUTS 


High-Level к = ЗУ 
Pulse 15V : 15V 
| | оу 
ке tw —> 
| | 3V 
Low-Level 15V 1.5 У 
Pulse -------- ом 
VOLTAGE WAVEFORMS 
PULSE DURATION 
5 3v 
utput 
Control | буја > —— оу 
(low-level enable) | | | 
tPZL —> (- — le trz 
| 
Waveform 1 | 
(see Note В) | 
| 
+» 


Waveform 2 
(see Note B) 





VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES, 3-STATE OUTPUTS 


B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 


moo 


. All input pulses are supplied by generators having the following characteristics: PRR < 10 MHz, ty = ї < 2.5 ns, duty cycle 2.5096. 
. The outputs are measured one at a time with one transition per measurement. 
. When measuring propagation delay times of 3-state outputs, switch S1 is open. 


Figure 9. Load Circuits and Voltage Waveforms 
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| € Members of the Texas Instruments SN54BCT8245A ... JT PACKAGE 
SCOPE™ Family of Testability Products ИЕ a NT PACKAGE 


е Octal Test-Integrated Circuits 





е Functionally Equivalent to "Е245 and OE 
'BCT245 In the Normal-Function Mode Al 
о Compatible With the IEEE Standard A2 
1149.1-1990 (JTAG) Test Access Port and АЗ 
Boundary-Scan Architecture A4 
@ Test Operation Synchronous to Test AS 
Access Port (TAP) Vcc 
9 Implement Optional Test Reset Signal by ы 
Recognizing a Double-High-Level Voltage АВ 
(10 М) on TMS Pin TDI 
ө SCOPE™ Instruction Set CK 
— IEEE Standard 1149.1-1990 Required 
Instructions, Optional INTEST, CLAMP, 
and HIGHZ SN54BCT8245A ... FK PACKAGE 
- Parallel-Signature Analysis at Inputs (TOP VIEW) 
- Pseudo-Random Pattern Generation i 


From Outputs 
— Sample Inputs/Toggle Outputs 


© Package Options Include Plastic 
Small-Outline (DW) Packages, Ceramic 
Chip Carriers (FK), and Standard Plastic 
and Ceramic 300-mil DIPs (JT, NT) 


description 


The 'BCT8245A scan test devices with octal bus 
transceivers are members of the Texas 
Instruments SCOPE™ testability integrated- 
circuit family. This family of devices supports IEEE 
Standard 1149.1-1990 boundary scan to facilitate NC - № internal connection 
testing of complex circuit-board assemblies. Scan 

access to the test circuitry is accomplished via the 

4-wire test access port (TAP) interface. 





In the normal mode, these devices are functionally equivalent to Ше 'F245 and ’BCT245 octal bus transceivers. 
The test circuitry can be activated by the TAP to take snapshot samples of the data appearing at the device 
terminals or to perform a self test on the boundary-test cells. Activating the TAP in normal mode does not affect 
the functional operation of the SCOPE™ octal bus transceivers. 


In the test mode, the normal operation of the SCOPE™ octal bus transceivers is inhibited and the test circuitry 
is enabled to observe and control the ИО boundary of the device. When enabled, the test circuitry can perform 
boundary-scan test operations as described in IEEE Standard 1149.1-1990. 


SCOPE is a trademark of Texas Instruments Incorporated. 542 22281222252 > 





Copyright © 1996, Texas Instruments Incorporated 


` On products compliant to MIL-PRF-38535, ail parameters аге tested 
standard warranty. Production processing does not necessarily Include «X» TEXAS pda аа noted. On ай other products, production 


PRODUCTION DATA Information Is current as of publication date. 
Products conform to specifications per the terms of Texas Instruments 


testing of ali parameters. processing does not necessarily Include testing of all parameters. 
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description (continued) 


Four dedicated test terminals control the operation of the test circuitry: test data input (TDI), test data output 
(TDO), test mode select.(TMS), and test clock (TCK). Additionally, the test circuitry performs other testing 
functions such as parallel-signature analysis (PSA) on data inputs and pseudo-random pattern generation 
(PRPG) from data outputs. All testing and scan operations are synchronized to the TAP interface. 


Тһе SN54BCT8245A is characterized for operation over the full military temperature range of -55°C to 125°C. 
The SN74BCT8245A is characterized for operation from 0°C to 70°C. 


logic symbolt 


TDI 
TMS 
TCK 






FUNCTION TABLE 
(norma! mode) 


INPUTS 
Гов DR | OPERATION 


B data to A bus 
A data to B bus 
Isolation 

















o 
SCAN 
'BCT8245A 





TDI 
TMS 







TDO 


3 EN1[BA] 
3 EN2 [AB] 





t This symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 
Pin numbers shown are for the DW, JT, and NT packages. 
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functional block diagram 





Boundary-Scan Register 





Bypass Register 
Ж Boundary-Control 
Register NEN Усс 
© 5 1. тро 
то! 1: instruction Register 
rs M 





Усс 
Controller 


VV V 


Pin numbers shown are for the DW, JT, and NT packages. 
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Terminal Functions 


TERMINAL 
NAME DESCRIPTION 


А1-А8 A-bus I/O ports. See function table for normal-mode logic. Internal pullups force these I/O ports to a high level if left 
unconnected. 









B-bus I/O ports. See function table for normal-mode logic. Internal pullups force these I/O ports to a high level if left 




























8-86. , unconnected. 
Normal-function direction-control input. See function table for normal-mode logic. An internal pullup forces DIR to a high 
level if left unconnected. 
Normal-function output-enable input. See function table for normal-mode logic. An internal pullup forces OE to a high level 
if left unconnected. 
Test clock. One of four terminals required by IEEE Standard 1149.1-1990. Test operations of the device are synchronous 
TCK to ТСК. Data is captured on the rising edge of TCK and outputs change on the falling edge of TCK. An internal pullup forces 
TCK to a high level if left unconnected. 
TDI Test data input. One of four terminals required by IEEE Standard 1149.1-1990. TDI isthe serial input for shifting data through 
the instruction register or selected data register. An internal pullup forces TDI to a high level if left unconnected. 
Test data output. One of four terminals required by IEEE Standard 1149.1-1990. TDO is the serial output for shifting data 
TDO through the instruction register or selected data register. An internal pullup forces TDO to a high level when it is not active 
and is not driven from an external source. 
Test mode select. One of four terminals required by IEEE Standard 1149.1-1990. TMS directs the device through its TAP 
TMS controller states. An internal pullup forces TMS to a high level if left unconnected. TMS also provides the optional test reset 
signal of IEEE Standard 1149.1-1990. This is implemented by recognizing a third logic level, double high (Уінн), at TMS. 
Supply voltage 
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test architecture 
Serial-test information is conveyed by means of a 4-wire test bus, or TAP, that conforms to IEEE Standard 
1149.1-1990. Test instructions, test data, and test control signals all are passed along this serial-test bus. The 
TAP controller monitors two signals from the test bus, TCK and TMS. The TAP controller extracts the 


synchronization (TCK) and state contro! (TMS) signals from the test bus and generates the appropriate on-chip 
control signals for the test structures in the device. Figure 1 shows the TAP-controller state diagram. 


The TAP controller is fully synchronous to the TCK signal. Input data is captured on the rising edge of TCK, and 
output data changes on the falling edge of TCK. This scheme ensures that data to be captured is valid for fully 
one-half of the TCK cycle. 


The functional block diagram shows the IEEE Standard 1149.1-1990 4-wire test bus and boundary-scan 
architecture and the relationship among the test bus, the TAP controller, and the test registers. As shown, the 
device contains an 8-bit instruction register and three test-data registers: an 18-bit boundary-scan register, a 
2-bit boundary-control register, and a 1-bit bypass register. 


Test-Logic-Reset q 


Run-Test/Idie 5 р Select-DR-Scan b Select-IR-Scan 





Figure 1. TAP-Controller State Diagram 
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state diagram description 


The TAP controller is a synchronous finite state machine that provides test contro! signals throughout the device. 
The state diagram shown in Figure 1 is in accordance with IEEE Standard 1149.1-1990. The TAP controller 
proceeds through its states based on the level of TMS at the rising edge of TCK. 


As shown, the TAP controller consists of 16 states. There are six stable states (indicated by a looping arrow in 
the state diagram) and ten unstable states. A stable state is a state the TAP controller can retain for consecutive 
TCK cycles. Any state that does not meet this criterion is an unstable state. 


There are two main paths through the state diagram: one to access and control the selected data register and 
one to access and control the instruction register. Only one register can be accessed at a time. 


Test-Logic-Reset 


The device powers up in the Test-Logic-Reset state. In the stable Test-Logic-Reset state, the test logic is reset 
and is disabled so that the normal logic function of the device is performed. The instruction register is reset to 
an opcode that selects the optional IDCODE instruction, if supported, or the BYPASS instruction. Certain data 
registers also can be reset to their power-up values. 


The state machine is constructed such that the TAP controller returns to the Test-Logic-Reset state in no more 
than five TCK cycles if TMS is left high. The TMS pin has an internal pullup resistor that forces it high if left 
unconnected or if a board defect causes it to be open circuited. 


For the ’BCT8245A, the instruction register is reset to the binary value 11111111, which selects the BYPASS 
instruction. The boundary-control register is reset to the binary value 10, which selects the PSA test operation. 


Run-Test/idle 


The TAP controller must pass through the Run-Test/Idle state (from Test-Logic-Reset) before executing any test 
operations. The Run-Test/Idle state also can be entered following data-register or instruction-register scans. 
Run-Test/Idle is a stable state in which the test logic may be actively running a test or may be idle. 


The test operations selected by the boundary-control register are performed while the TAP controller is in the 
Run-Test/idle state. 


Select-DR-Scan, Select-IR-Scan 


No specific function is performed in the Select-DR-Scan and Select-IR-Scan states, and the TAP controller exits 
either of these states on the next TCK cycle. These states allow the selection of either data-register scan or 


instruction-register scan. 
Capture-DR 


When a data-register scan is selected, the TAP controller must pass through the Capture-DR state. In the 
Capture-DR state, the selected-data register may capture a data value as specified by the current instruction. 
Such capture operations occur on the rising edge of TCK, upon which the TAP controller exits the Capture-DR 
state. 


Shift-DR : 


Upon entry to the Shift-DR state, the data register is placed in the scan path between TDI and TDO, and on the 
first falling edge of TCK, TDO goes from the high-impedance state to an active state. TDO enables to the logic 
level present in the least-significant bit of the selected data register. 


While in the stable Shift-DR state, data is serially shifted through the selected data register on each TCK cycle. 
The first shift occurs onthe first rising edge of TCK after entry to the Shift-DR state (i.e., no shifting occurs during 
the TCK cycle in which the TAP controller changes from Capture-DR to Shift-DR or from Exit2-DR to Shift-DR). 
The last shift occurs on the rising edge of TCK, upon which the TAP controller exits the Shift-DR state. 
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Exit1-DR, Exit2-DR 


The Exit1-DR and Exit2-DR states are temporary states that end a data-register scan. It is possible to return 
to the Shift-DR state from either Exiti-DR or Exit2-DR without recapturing the data register. 


On the first falling edge of ТСК, after entry to Exit1-DR, ТОО goes from the active state to the high-impedance 
state. 


Pause-DR 


No specific function is performed in the stable Pause-DR state, in which the TAP controller can remain 
indefinitely. The Pause-DR state suspends and resumes data-register scan operations without loss of data. 


Update-DR 


If the current instruction calls for the selected data register to be updated with current data, then such update 
occurs on the falling edge of TCK, following entry to the Update-DR state. 


Capture-IR 


When an instruction-register scan is selected, the TAP controller must pass through the Capture-IR state. In 
the Capture-IR state, the instruction register captures its current status value. This capture operation occurs 
on the rising edge of TCK, upon which the TAP controller exits the Capture-IR state. 


For the 'ВСТ8245А, the status value loaded in the Capture-IR state is the fixed binary value 10000001. 
Shift-IR | 


Upon entry to the Shift-IR state, the instruction register is placed in the scan path between TDI апа ТОО and, 
on the first falling edge of TCK, TDO goes from the high-impedance state to an active state. TDO enables to 
the logic level present in the least-significant bit of the instruction register. 


While in the stable Shift-IR state, instruction data is serially shifted through the instruction register on each TCK 
cycle. The first shift occurs on the first rising edge of TCK after entry to the Shift-IR state (i.e., no shifting occurs 
during the TCK cycle in which the TAP controller changes from Capture-IR to Shift-IR or from Exit2-IR to 
Shift-IR). The last shift occurs on the rising edge of TCK, upon which the TAP controller exits the Shift-IR state. 


Exit1-IR, Exit2-IR 


The Exit1-IR and Exit2-IR states are temporary states that end an instruction-register scan. It is possible to 
return to the Shift-IR state from either Ехі1-ІН or Exit2-IR without recapturing the instruction register. 


On the first falling edge of ТСК after entry to Exit1-IR, ТОО goes from the active state to the high-impedance 
state. 


Pause-IR 


No specific function is performed in the stable Pause-IR state, in which the TAP controller can remain 
indefinitely. The Pause-IR state suspends and resumes instruction-register scan operations without loss of 
data. 


Update-IR 


The current instruction is updated and takes effect on the falling edge of TCK, following entry to the Update-IR 
state. 
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register overview 


With the exception of the bypass register; any test register may be thought of as a serial-shift register with a 
shadow latch on each bit. The bypass register differs in that it contains only a shift register. During the 
appropriate capture state (Capture-IR for instruction register, Capture-DR for data registers), the shift register 
may be parallel loaded from a source specified by the current instruction. During the appropriate shift state 
(Shift-IR or Shift-DR), the contents of the shift register are shifted out from TDO while new contents are shifted 
in at TDI. During the appropriate update state (Update-IR or Update-DR), the shadow latches are updated from 
the shift register. 


instruction register description 


TDI 


The instruction register (IR) is eight bits long and tells the device what instruction is to be executed. Information 
contained in the instruction includes the mode of operation (either normal mode, in which the device performs 
its normal logic function, or test mode, in which the normal logic function is inhibited or altered), the test operation 
to be performed, which of the three data registers is to be selected for inclusion in the scan path during 
data-register scans, and the source of data to be captured into the selected data register during Capture-DR. 


Table 2 lists the instructions supported by the 'BCT8245A. The even-parity feature specified for SCOPE!" 
devices is not supported in this device. Bit 7 of the instruction opcode is a don't-care bit. Any instructions that 
are defined for SCOPE?" devices but are not supported by this device default to BYPASS. 


During Capture-IR, the IR captures the binary value 10000001. As an instruction is shifted in, this value is shifted 
out via ТОО and can be inspected as verification that the IR is in the scan path. During Update-IR, the value 
that has been shifted into the IR is loaded into shadow latches. At this time, the current instruction is updated 
and any specified mode change takes effect. At power up or in the Test-Logic-Reset state, the IR is reset to the 
binary value 11111111, which selects the BYPASS instruction. The IR order of scan is shown in Figure 2. 





Figure 2. Instruction Register Order of Scan 
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data register description 


boundary-scan register 


The boundary-scan register (BSR) is 18 bits long. It contains one boundary-scan cell (BSC) for each 
normal-function input pin and one BSC for each normal-function output pin. Which МО ports, А or B, function 
as input terminals and which function as output terminals is determined by the DIR signal (BSC17) as described 
below. The BSR is used 1) to store test data that is to be applied internally to the inputs of the normal on-chip 
logic and/or externally to the device output terminals, and/or 2) to capture data that appears internally at the 
outputs of the normal on-chip logic and/or externally at the device input terminals. 


The source of data to be captured into the BSR during Capture-DR is determined by the current instruction. The 
contents of the BSR may change during Run-Test/Idle, as determined by the current instruction. The contents 
of the BSR are not changed in Test-Logic-Reset. 


The BSR order of scan is from TDI through bits 17-0 to ТОО. Table 1 shows the BSR bits and their associated 
device pin signals. The device signals 11—18 and 01-08 represent data input signals and data output signals, 
respectively. The direction control signal (DIR) as output by BSC17 determines which port, A or B, is considered 
an input and which is considered an output. When the output of BSC17 is logic 0, the device signals 11—18 are 
associated with I/O ports B1—B8, while device signals O1—O8 are associated with I/O ports А1-А8. When the 
output of BSC17 is logic 1, the converse is true (that is, 11-18 are associated with А1-А8, while О1-О8 are 
associated with В1-В8). In normal-function mode, the output of the BSC17 input is equivalent to the input signal 
present at the DIR input pin. 


Table 1. Boundary-Scan Register Configuration 


BSR BIT DEVICE BSR BIT DEVICE BSR BIT DEVICE 
NUMBER SIGNAL NUMBER SIGNAL NUMBER SIGNAL 





boundary-control register 


The boundary-control register (BCR) is two bits long. The BCR is used in the context of the RUNT instruction 
to implement additional test operations not included in the basic SCOPE™ instruction set. Such operations 
include PRPG and PSA. Table 3 shows the test operations that are decoded by the BCR. 


During Capture-DR, the contents of the BCR are not changed. At power up or in Test-Logic-Reset, the BCR is 
resetto the binary value 10, which selects the PSA test operation. The BCR order of scan is shown in Figure 3. 


TDI TDO 





Figure 3. Boundary-Control Register Order of Scan 
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bypass register 


The bypass register is a 1-bit scan path that can be selected to shorten the length of the system scan path, 
thereby reducing the number of bits per test pattern that must be applied to complete a test operation. 


During Capture-DR, the bypass register captures a logic 0. The bypass register order of scan is shown in 
Figure 4. 


TDI TDO 


Figure 4. Bypass Register Order of Scan 


instruction-register opcode description 


The instruction-register opcodes are shown in Table 2. The following descriptions detail the operation of each 
instruction. 


Table 2. Instruction-Register Opcodes. 


BINARY СООЕТ 
BIT 7 2 BIT 0 SCOPE OPCODE DESCRIPTION ТЕГЕСТЕР DATA 
REGISTER 
MSB > LSB . 


[00000107 | SAMPLETPRELOAD [Sample boundary | Bouncy sean | ота | 
Охооо [в — | ______Бувева> — | Bypass — | тота | 
хоо | ве — | — — Ву | Bypass | Noma 
Г хотю [в — | бе — — | Әә | Мота | 






























0001010 READBN Boundary read [Boundary scan — | Кота | 
xo00107 READBT Boundary read 
X0001100 CELLTST Boundary self test 


xomo | scancn ___| __Boundary-oontrol register scan | Boundary contol | Мота | 
мою | ме Ву — — | врза | Noma | 


T Bit 7 is a don't-care bit; X = don't care. 
t The BYPASS instruction is executed in lieu of a SCOPE" instruction that is not supported in the 'ВСТ8245А. 


boundary scan 


This instruction conforms to the IEEE Standard 1149.1-1990 EXTEST and INTEST instructions. The BSR is 
selected in the scan path. Data appearing atthe device input terminals is captured in the input BSCs, while data 
appearing а the outputs of the normal on-chip logic is captured in the output BSCs. Data that has been scanned 
into the input BSCs is applied to the inputs of the normal on-chip logic, while data that has been scanned into 
the output BSCs is applied to the device output terminals. The device operates in the test mode. 
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bypass scan 


This instruction conforms to the IEEE Standard 1149.1-1990 BYPASS instruction. The bypass register is 
selected in the scan path. A logic 0 value is captured in the bypass register during Capture-DR. The device 
operates in the normal mode. 


sample boundary 


This instruction conforms to the IEEE Standard 1149.1-1990 SAMPLE/PRELOAD instruction. The BSR is 
selected in the scan path. Data appearing at the device input terminals is captured in the input BSCs, while data 
appearing at the outputs of the normal on-chip logic is captured in the output BSCs. The device operates in the 
normal mode. 


control boundary to high impedance 


This instruction conforms to the IEEE Standard 1149.1a-1993 HIGHZ instruction. The bypass register is 
selected in the scan path. A logic 0 value is captured in the bypass register during Capture-DR. The device 
operates in a modified test mode in which all device output terminals are placed in the high-impedance state, 
the device input terminals remain operational, and the normal on-chip logic function is performed. 


control boundary to 1/0 


This instruction conforms to the IEEE Standard 1149.1a-1993 CLAMP instruction. The bypass register is 
selected in the scan path. A logic O value is captured in the bypass register during Capture-DR. Data in the input 
BSCs is applied to the inputs of the normal on-chip logic, while data in the output BSCs is applied to the device 
output terminals. The device operates in the test mode. 


boundary run test 


The bypass register is selected in the scan path. A logic O value is captured in the bypass register during 
Capture-DR. The device operates in the test mode. The test operation specified in the BCR is executed during 
Run-Test/Idle. The four test operations decoded by the BCR are: sample inputs/toggle outputs (TOPSIP), 
PRPG, PSA, and simultaneous PSA and PRPG (PSA/PRPG). 


boundary read 


The BSR is selected in the scan path. The value in the BSR remains unchanged during Capture-DR. This : 
instruction is useful for inspecting data after a PSA operation. 


boundary self test 


The BSR is selected in the scan path. All BSCs capture the inverse of their current values during Capture-DR. 
In this way, the contents of the shadow latches may be read out to verify the integrity of both shift-register and 
shadow-latch elements of the BSR. The device operates in the normal mode. 


boundary toggle outputs 


The bypass register is selected in the scan path. A logic O value is captured in the bypass register during 
Capture-DR. Data in the shift register elements of the selected output BSCs is toggled on each rising edge of 
TCK in Run-Test/Idle and is then updated in the shadow latches and applied to the associated device output 
terminals on each falling edge of TCK in Run-Test/Idle. Data in the selected input BSCs remains constant and 
is applied to the inputs of the normal on-chip logic. Data appearing at the device input terminals is not captured 
in the input BSCs. The device operates in the test mode. 


boundary-control register scan 


The BCR is selected in the scan path. The value in the BCR remains unchanged during Capture-DR. This 
operation must be performed before a boundary-run test operation to specify which test operation is to 
be executed. 
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boundary-control register opcode description 


The BCR opcodes are decoded from BCR bits 1-0, as shown in Table 3. The selected test operation is 
performed while the RUNT instruction is executed in the Run-Test/ldle state. The following descriptions detail 
the operation of each BCR instruction and illustrate the associated PSA and PRPG algorithms. 


Table 3. Boundary-Control Register Opcodes 


BINARY CODE 
BIT 1 — вто DESCRIPTION 
MSB > LSB 
Oo | Sample inputs/toggle outputs (TOPSIP) 
Pseudo-random pattern generation/16-bit mode (PRPG) 


Parallel-signature analysis/16-bit mode (PSA) 
Simultaneous PSA and PRPG/8-bit mode (PSA/PRPG) 


It should be noted, in general, that while the control input BSCs (bits 17—16) are not included in the sample, 
toggle, PSA, or PRPG algorithms, the output-enable BSC (bit 16 ofthe BSR) does control the drive state (active 

. or high impedance) of the device output terminals while the direction-control BSC (bit 17) controls which /О 
ports, A or B, are considered input terminals and which are considered output terminals. 










sample inputs/toggle outputs (TOPSIP) 


Data appearing at the device input terminals is captured in the shift-register elements of the input BSCs on each 
rising edge of TCK. This data is then updated in the shadow latches of the input BSCs and applied to the inputs 
ofthe normal on-chip logic. Data in the shift register elements of the output BSCs is toggled on each rising edge 
of TCK, updated in the shadow latches, and applied to the device output terminals on each falling edge of TCK. 


pseudo-random pattern generation (PRPG) 


A pseudo-random pattern is generated in the shift-register elements of the BSCs on each rising edge of TCK 
and then updated in the shadow latches and applied to the device output terminals on each falling edge of TCK. 
This data also is updated in the shadow latches of the input BSCs and applied to the inputs of the normal on-chip 
logic. Figure 5 illustrates the 16-bit linear-feedback shift-register algorithm through which the patterns are 
generated. An initial seed value should be scanned into the BSR before performing this operation. A seed value 
of all zeroes will not produce additional patterns. 





е 


O1 02 03 04 05 06 07 08 


Figure 5. 16-Bit PRPG Configuration 
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parallel-signature analysis (PSA) 


Data appearing at the device input terminals is compressed into a 16-bit parallel signature in the shift-register 
elements of the BSCs on each rising edge of TCK. This data is then updated in the shadow latches of the input 
BSCs and applied to the inputs of the normal on-chip logic. Data in the shadow latches of the output BSCs 
remains constant and is applied to the device outputs. Figure 6 illustrates the 16-bit linear-feedback 
shift-register algorithm through which the signature is generated. An initial seed value should be scanned into 
the BSR before performing this operation. 





Figure 6. 16-Bit PSA Configuration 


slmultaneous PSA and PRPG (PSA/PRPG) 


Data appearing at the device input terminals is compressed into an 8-bit parallel signature in the shift-register 
elements of the input BSCs on each rising edge of TCK. This data is then updated in the shadow latches of the 
input BSCs and applied to the inputs of the normal on-chip logic. At the same time, an 8-bit pseudo-random 
pattern is generated in the shift-register elements of the output BSCs on each rising edge of TCK, updated in 
the shadow latches, and applied to the device output terminals on each falling edge of TCK. Figure 7 illustrates 
the 8-bit linear-feedback shift-register algorithm through which the signature and patterns are generated. An 
initial seed value should be scanned into the BSR before performing this operation. A seed value of all zeroes * 
will not produce additional patterns. 





Ф | J > 01 02 03 04 05 06 07 08 


Figure 7. 8-Bit PSA/PRPG Configuration 
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All test operations of the ’BCT8245A are synchronous to ТСК. Data on the TDI, TMS, and normal-function inputs 
is captured on the rising edge of TCK. Data appears on the TDO and normal-function output terminals on the 
falling edge of TCK. The TAP controller is advanced through its states (as shown in Figure 1) by changing the 
value of TMS on the falling edge of TCK and then applying a rising edge to TCK. 


A simple timing example is illustrated in Figure 8. In this example, the TAP controller begins in the 
Test-Logic-Reset state and is advanced through its states as necessary to perform one instruction-register scan 
and one data-register scan. While in the Shift-IR and Shift-DR states, TDI is used to input serial data and TDO 
is used to output serial data. The TAP controller is then returned to the Test-Logic-Reset state. Table 4 details 
the operation of the test circuitry during each TCK cycle. 


ТаЫе 4. Explanation of Timing Example 
тск TAP STATE | 
CYCLE(S) | AFTER TCK DESCRIPTION 
Test-Logic-Reset TMS is changed to a logic 0 value on the falling edge of TCK to begin advancing the TAP controller toward 


5 the desired state 
| 2 | Ru-Testidie 











Selec DR Scar 
бави | — — 7 j] 


Capture-IR The IR captures the 8-bit binary value 10000001 on the rising edge of TCK as the TAP controller exits the 
арн Сарішге-ІН state. 
TDO becomes active and TDI is made valid on the falling edge of TCK. The first bit is shifted into the TAP 
on the rising edge of TCK as the TAP controller advances to the next state. 
7-18 Shift-IR я б Е 
out of the IR ма TDO. In TCK cycle 13, TMS is changed to а logic 1 value to end the IR scan оп the next 
ТСК cycle. The last bit of the instruction is shifted as the TAP controller advances from Shift-IR to Exit1-IR. 
Exit1-IR TDO becomes inactive (goes to the high-impedance state) on the falling edge of TCK. 

I Update-IR The IR is updated with the new instruction (BYPASS) on the falling edge of TCK. 
16 
7 























Onebit is shifted into the IR on each TCK rising edge. With TDI held at a logic 1 value, the 8-bit binary value 
1111111115 serially scannedinto the IR. Atthe same time, the 8-bit binary value 10000001 is serially scanned 





оо 


1 Capture-DR The bypass register captures a logic 0 value on the rising edge of TCK as the TAP controller exits the 
p Capture-DR state. 
DR 





| w | зов | TDO becomes active and TDI is made valid on the falling edge of TCK. The first bit is shifted into the TAP 
on the rising edge of TCK as the TAP controller advances to the next state. 

[19-20 |  SWROR | The binary value 101 is shifted in Ма TDI, while the binary value 01018 shied out va TO. — | 
= | ноя | тоо becomes inactive (goes the high-impedance state) on the taling edge o1TOK, — | 
[= | Updste-DR | In general, tne selected data register в updated withthe пен data on the falling edge ТСК — | 
[ 3 аон 
[ 2 а | — --—- C 
[ 25 __| Test-LogioReset |та] 
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 





TMS 
МАДА АА Мм M NN 
те! 4919192919499 
TDO 
s| e° | | с | а с с |сј<|с с сісісісіф 
25155: š 21249. 2 аа 
а 3 U 4 5 = = © О = = = а 0 О с 
тар Teles ЕЕ à НЕЕ š 1855 
Controller) 2 | £ | + | 5 16 э| | 6 5|5|%819 
State 3 2 |8 | 2 910 e|9|5 
“141313 3 $18 |5 
9 Ф 8 8 3 
Е - 


Kx 3-State (TDO) or Don’t Care (TDI) 


Figure 8. Timing Example 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 


Supply voltage range, VCG .......................................................... -0.5 Vto7 V 
Input voltage range, Vi: I/O ports (see Note 1) ........................................ —0.5 V to 5.5 V 
except I/O ports and TMS (see Note 1) .......................... -0.5Vto7V 

Input voltage range (TMS) (see Note 1) .............................................. –0.5 V to 12V 
Voltage range applied to any output in the disabled or power-off state .................... -0.5Vto 5.5 V 
Voltage range applied to any output in the high state .................................. -0.5 V to Усс 
Input clamp: currenb; hk cos esser а еа аты О Л Г OUS A eR NO Т IN EAE -30 mA 
Current into any output in the low state: SN54BCT8245A (апу A, ТОО) ......................... 40 mA 
SN854BCT8245A (апу B) .............................. 96 mA 

SN74BCT8245A (any A, ТОО) ......................... 48 mA 

SN74BCT8245A (апу B) ............................. 128 mA 

Maximum power dissipation at TA = 55? C (in still air) (see Note 2): DW package ................. 1.7W 
МТ package .................. 1.3 М 

Storage temperature range, Ту .................................. ПИ —65°С to 150°C 


t Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1. The input voltage rating may be exceeded if the input clamp-current rating is observed. 


2. The maximum package power dissipation is calculated using a junction temperature of 150°C and a board trace length of 750 mils, 
except for the NT package, which has a trace length of zero. For more information, refer to the Package Thermal Considerations 
application note in the ABT Advanced BICMOS Technology Data Book, literature number 5СВО002. 
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recommended operating conditions 


SN54BCT8245A SN74BCT8245A 
“мн NOM MAX| MN NOM мАХ| “МТ 


[Voc зу ав s 56] ав 6 58 v | 
Ун Highlevelinputvotage ау 
ПИ СИЕ [ms | o 2[ o | v 
ВИТ. ИИ НА НИНЕ А 
НЕ = 


муло | Oo ë o | 
High- -level output current 
aB [tT 


AAT | — — ——2 | 2| 

IOL Low-level output current 
| Е ПН НЕЕ В 
TA Operating free air temperature ee = 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 













SN54BCT8245A SN74BCT8245A 
PARAMETER TEST CONDITIONS 
MIN ТҮРТ МАХ | MIN ТҮРІ МАХ 


Vcc = 4.75 V, ІОН =-1 mA 2.7 3.4 2.7 3.4 
Апу А, ТОО ІОН =-1 mA 2.5 3.4 2.5 3.4 
Усс = 4.5 V 
ІОН =-3 mA 2.4 3.3 24 3.3 
VOH Voc = 4.75 V, (ОН = -3mA 2.7 3.4 2 3.4 
loH =-3 mA 2.4 3.4 2 3.4 
Апу В 
Усс «45V он 2-12 тА 
ion 76 mA с [= 
iL = 20 mA o o| — 
Any A, TDO Усс =4.5 V 
у IQ 24 тА pe 035 05 
= (о. = 48 mA оз os) | 
Апу B Voc =4.5 V 
iol = 64 mA Е 042 055 


с 
< < <| 7 
4 





Except A or B Е сн 
Voc = 5.5V, Vi =5.5V mA 
Any А ог x | 925 
пн Voc = 5.5 V, V| 227 V -1 -35 -100| -1 -35 -100| pA 
T Veo=85V, Vie 10 тарата, 
ТЕ: Voc = 5.5 V, Ме 0.5 V -30 -70 -200| -30 -70 -200 
IOZH Voc =5.5 V, Vo 227 V -1 -36 -10| -1 -35 -100 
IOZL Voc =5.5 V, Vo=0.5V -30 -70 -200| -30 -70 -200 
ОРИ Veo=0t02¥, Vo=05Vera7V 
тт усс-2Уо0:  Мо-овуогату 
Усс Могуо 2187 m 


[059 Voc = 5.5 V, Vo =0 | -100 -2235| -100 -225| mA 
Outputs ig ss 15 
3 


№ 
пт > 


6 

USA | | 38 e 

Outputs open Outputs low 5 
Outputs disabled 1.5 3.5 1.5 3.5 
Voc 75 V, М =2.5 V or 0.5 V px 8 | 


Cio Voc =5V, МО =2.5 Vor 0.5 V 


T All typical values are at Vcc = 5 V, TA = 25°С. 

t For I/O ports, the parameters Ин апа! IL include the off-state output current. 

§ Not more than one output should be shorted at a time, and the duration of the short circuit should not exceed one second. 
"нссн and ICCL are measured in the A-data to B-bus operational mode. 


loc! 





О 


о 





14 р 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (test mode) (see Figure 9) 


Voc = SV. |sNsaBCT8245A | SN74BCT8245A 
ТА = 25°C UNIT 


Tao Соокпедивтоу T [| s ОО ю o ме 


| TOK high or low [ 2 — | 2 — | 2 | 
tw Pulse duration 










TMS double high 


Any A or B before TCKT 

DIR or OE before TCKT _ 
Setup time 

TDI before TCKT 

TMS before TCKT 


| Е 
Any А or B after TCKT 
. DIR or OE after TCKT 
t Hold time 






12 
TDI after TCKT 
TMS after TCKT 
Power upto TORT 


* On products compliant to MIL-PRF-38535, this parameter is not production tested. 





su 
h 
d 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (normal mode) (See Figure 9) | 


Мес =5М, 
FROM то ера SN54BCT8245A | SN74BCT8245A 
PARAMETER (INPUT) (OUTPUT) — 
ТҮР МАХ "= пе ч рита 


| ан | 


АогВ вол | 


tPZL 





switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (test mode) (see Figure 9) 


SN54BCT8245A 
FROM TO Voc =5V, 
PARAMETER (INPUT) (OUTPUT) 235 25°С UNIT 
EN MAX 


в 215 
PLH TCKL BorA 
tPHL — e 5 155 


35 75 105| 35 "| 
35 05] 35 № 
L5 185 20] 75 28 
7 


3.5 7.6 10.5 3.5 11.5 
TCKL TDO 


E TE 
на в 
6 и | 6 24 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (test mode) (see Figure 9) 


| === SN74BCT8245A | 
FROM TO — ae = 5V, 
PARAMETER (INPUT) (OUTPUT) ЕТЕКТЕГІ = 25°C 
— ЕЗ m EN 


TCKL 
t 
PN 


75 165 20) 75 24 
PLE TCKT BorA 
tPHL 75 17 21 7.5 25 


ЕЕЕ” | 65 14 17| 65 21 

es eee TCK} BorA | 

IPZL 15 _ 20 

t 105] 35 ni 

БН тск} 

tPZL 85 n| 4  t125| 
22| — 8 27| 

— TCKT BorA 

[| fP | ара ај 


5 
18 
TCKL BorA 


© | © | © 
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PARAMETER MEASUREMENT INFORMATION 


7 V (tPZL, tpLz, О.С.) 


Open 
(all others) 





From Output Test 
Under Test Point 
CL 
(see Note A) 
RL = R1=R2 


LOAD CIRCUIT FOR 
3-STATE AND OPEN-COLLECTOR OUTPUTS 


3V 
Timing Input 1.5 V 


qtr th 


tsu | 
ара ыа ш зу 
Data Input 1.5 V 1.5 У 
оу 


VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 
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VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES (see Note D) 


NOTES: A. Cj includes probe and jig capacitance. 


(see Notes B) 


(see Notes B) 


From Output Test 
Under Test Point 
CL R1 
(see Note A) 
LOAD CIRCUIT FOR 


TOTEM-POLE OUTPUTS 


High-Level V 
| OV 
| 3V 

Low-Level ON ка 

Pulse ————0V 


VOLTAGE WAVEFORMS 
PULSE DURATION 


Output ii 
utpu 
Control | 1.5 V 1.5 У 
(low-level enabie) 
| 


Waveform 1 


Waveform 2 





VOLTAGE WAVEFORMS 
. ENABLE AND DISABLE TIMES, 3-STATE OUTPUTS 


B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 


moo 


. Allinput pulses are supplied by generators having the following characteristics: PRR < 10 MHz, tr = { < 2.5 ns, duty cycle = 50%. 
. The outputs are measured one ata time with one transition per measurement. 
. When measuring propagation delay times of 3-state outputs, switch 51 is open. 


Figure 9. Load Circuits and Voltage Waveforms 
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@ Members of the Texas Instruments SN54BCT8373A ... JT PACKAGE 
SCOPE™ Family of Testability Products ПУНЕ VIEW. NT PACKAGE 


€ Octal Test-Integrated Circuits 


€ Functionally Equivalent to 'F373 and 
'BCT373 In the Normal-Function Mode 


€ Compatible With the IEEE Standard 
1149.1-1990 (JTAG) Test Access Port and 
Boundary-Scan Architecture 


€ Test Operation Synchronous to Test 
Access Port (TAP) 


€ Implement Optional Test Reset Signal by 
Recognizing a Double-High-Level Voltage 
(10 V) on TMS Pin 


е SCOPE" Instruction Set 

— IEEE Standard 1149.1-1990 Required 
instructions, Optional INTEST, CLAMP, 
and HIGHZ SN54BCT8373A .. . ЕК PACKAGE 

- Parallel Signature Analysis at Inputs (TOP VIEW) 

— Pseudo-Random Pattern Generation 
From Outputs 

— Sample Inputs/Toggle Outputs 


ө Package Options Include Plastic 
Small-Outline (DW) Packages, Ceramic 
Chip Carriers (FK), and Standard Plastic 
and Ceramic 300-mil DIPs (JT, NT) 





description 


The 'BCT8373A scan test devices with octal 
D-type latches are members of the Texas 
Instruments SCOPE™ testability integrated- 
circuit family. This family of devices supports IEEE 
Standard 1149.1-1990 boundary scan to facilitate 
testing of complex circuit board assemblies. Scan 
access to the test circuitry is accomplished via the 
4-wire test access port (TAP) interface. 





NC - No internal connection 


In the normal mode, these devices are functionally equivalent to the 'F373 and 'BCT373 octal D-type latches. 
The test circuitry can be activated by the TAP to take snapshot samples of the data appearing at the device 
terminals or to perform a self test on the boundary test cells. Activating the TAP in normal mode does not affect 
the functional operation of the SCOPE?" octal latches. 


In the test mode, the normal operation of the SCOPE™ octal latches is inhibited and the test circuitry is enabled 
to observe and control the I/O boundary of the device. When enabled, the test circuitry can perform boundary 
scan test operations, as described in IEEE Standard 1149.1-1990. 


SCOPE is a trademark of Texas Instruments Incorporated. 





PRODUCTION DATA Information is current as of publication date. 
Products contorm to specifications per the terms of Texas Instruments 


Standard warranty. Productlon processing does not necessarily Include «35 Ti пау пена totes GF i^ cher оа ии 
testing of ай parameters. 1 EXAS - processing does not necessarily Include testing of all parameters. 
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description (continued) 


Four dedicated test terminals are used to control the operation of the test circuitry: test data input (TDI), test 
data output (TDO), test mode select (TMS), and test clock (TCK). Additionally, the test circuitry can perform 
other testing functions such as parallel signature analysis (PSA) on data inputs and pseudo-random pattern 
generation (PRPG) from data outputs. All testing and scan operations are synchronized to the TAP interface. 


The SN54BCT8373A is characterized for operation over the full military temperature range of — 55°С to 125°C. 
The SN74BCT8373A is characterized for operation from 0°C to 70°C. 


FUNCTION TABLE 
(normal mode, each latch) 





logic symbolit 





'BCT8373A 
TDI 


TMS TDO 
TCK 


t This symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 
Pin numbers shown are for the DW, JT, and NT packages. 
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functional block diagram 





Boundary-Scan Register 
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Pin numbers shown are for the DW, JT, and NT packages. 
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Terminal Functions 


TERMINAL 
NAME DESCRIPTION 


1D-8D Normal-function data inputs. See function table for normal-mode logic. Internal pullups force these inputs to a high level if 
left unconnected. 


x ep [ба о о о-о 


LE Normal-function latch-enable input. See function table for normal-mode logic. An internal pullup forces LE to a high level if 
left unconnected. 
Normal-function output-enable input. See function table for normal-mode logic. An internal pullup forces OE to a high level 
if left unconnected. 
1Q-8Q Normal-function data outputs. See function table for normal-mode logic. 
Test clock. One of four terminals required by IEEE Standard 1149.1-1990. Test operations of the device are synchronous to 
TCK. Data is captured on the rising edge of TCK and outputs change on the falling edge of TCK. An internal pullup forces 


TCK to a high level if left unconnected. 


K 
| Test data input. One of four terminais required by IEEE Standard 1149.1-1990. ТО is the serial input for shifting data through 
О 
8 
C 


т 
y the instruction register or selected data register. An internal pullup forces TDI to a high level if left unconnected. 
































Test data output. One of four terminals required by IEEE Standard 1149.1-1990. TDO is the serial output for shifting data 
through the instruction register or selected data register. An internal pullup forces TDO to a high level when it is not active 
and is not driven from an external source. 


Test mode select. One of four terminals required by IEEE Standard 1149.1-1990. TMS directs the device through its TAP 
controller states. An internal pullup forces TMS to a high level if left unconnected. The TMS pin also provides the optional 
test reset signal of IEEE Standard 1149.1-1990. This is implemented by recognizing a third logic level, double-high (Vip), 
at TMS. 


Supply voltage 








C 
D 
D 
M 
C 
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test architecture 


Serial test information is conveyed by means of a 4-wire test bus, or TAP, that conforms to IEEE Standard 
1149.1-1990. Test instructions, test data, and test control signals all are passed along this serial test bus. The 
TAP controller monitors two signals from the test bus, TCK and TMS. The TAP controller extracts the 
synchronization (TCK) and state contro! (TMS) signals from the test bus and generates the appropriate on-chip 
control signals for the test structures in the device. Figure 1 shows the TAP-controller state diagram. 


The TAP controller is fully synchronous to the TCK signal. Input data is captured on the rising edge of TCK, and 
output data changes on the falling edge of TCK. This scheme ensures that data to be captured is valid for fully 
one-half of the TCK cycle. 


The functional block diagram shows the IEEE Standard 1149.1-1990 4-wire test bus and boundary-scan 
architecture and the relationship between the test bus, the TAP controller, and the test registers. As shown, the 
device contains an 8-bit instruction register and three test data registers: an 18-bit boundary-scan register, a 
2-bit boundary-control register, and a 1-bit bypass register. 


Test-Logic-Reset 





TMS =H 









Select-IR-Scan 






Run-Testldie 


Select-DR-Scan 


Capture-DR 7 





TMS = L 


Capture-IR 








TMS =L 






Figure 1. TAP-Controller State Diagram 
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state diagram description 


The TAP controller is a synchronous finite state machine that provides test control signals throughout the device. 
The state diagram shown in Figure 1 is in accordance with IEEE Standard 1149.1-1990. The TAP controller 
proceeds through its states based on the level of TMS at the rising edge of TCK. 


As shown, the TAP controller consists of 16 states. There are six stable states (indicated by a looping arrow in 
the state diagram) and ten unstable states. A stable state is a state the TAP controller can retain for consecutive 
TCK cycles. Any state that does not meet this criterion is an unstable state. 


There are two main paths though the state diagram: one to access and control the selected data register and 
one to access and control the instruction register. Only one register can be accessed at a time. 


Test-Logic-Reset 


The device powers up in the Test-Logic-Reset state. In the stable Test-Logic-Reset state, the test logic is reset 
and is disabled so that the normal logic function of the device is performed. The instruction register is reset to 
an opcode that selects the optional IDCODE instruction, if supported, or the BYPASS instruction. Certain data 
registers also can be reset to their power-up values. 


The state machine is constructed such that the TAP controller returns to the Test-Logic-Reset state in no more 
than five TCK cycles if TMS is left high. The TMS pin has an internal pullup resistor that forces it high if left 
unconnected or if a board defect causes is to be open circuited. 


For the ’BCT8373A, the instruction register is reset to the binary value 11111111, which selects the BYPASS 
instruction. The boundary-control register is reset to the binary value 10, which selects the PSA test operation. 


Run-Test/Idle 


The TAP controller must pass through the Run-Test/Idle state (from Test-Logic-Reset) before executing any test 
operations. The Run-Test/Idle state also can be entered, following data-register or instruction-register scans. 
Run-Test/Idle is a stable state in which the test logic may be actively running a test or may be idle. 


The test operations selected by the boundary-control register are performed while the TAP controller is in the 
Run-Test/ldle state. 


Select-DR-Scan, Select-IR-Scan 


No specific function is performed in the Select-DR-Scan and Select-IR-Scan states, and the TAP controller exits 
either of these states on the next TCK cycle. These states allow the selection of either data-register scan or 


instruction-register scan. ' 
Capture-DR 


When a data-register scan is selected, the TAP controller must pass through the Capture-DR state. In the 
Capture-DR state, the selected data register may capture a data value, as specified by the current instruction. 
Such capture operations occur on the rising edge of TCK, upon which the TAP controller exits the Capture-DR 
state. 


Shift-DR 


Upon entry to the Shift-DR state, the data register is placed in the scan path between ТО! and TDO and, on the 
first falling edge of TCK, TDO goes from the high-impedance state to an active state. TDO enables to the logic 
level present in the least-significant bit of the selected data register. 


While in the stable Shift-DR state, data is serially shifted through the selected data register on each TCK cycle. 
The first shift occurs on the first rising edge of TCK after entry to the Shift-DR state (i.e., no shifting occurs during 
the TCK cycle, in which the TAP controller changes from Capture-DR to Shift-DR or from Exit2-DR to Shift-DR). 
The last shift occurs on the rising edge of TCK, upon which the TAP controller exits the Shift-DR state. 
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Exit1-DR, Exit2-DR 


The Exit1-DR and Exit2-DR states are temporary states that end a data register scan. It is possible to return 
to the Shift-DR state from either Exit1-DR or Exit2-DR without recapturing the data register. 


On the first falling edge of TCK after entry to Exiti-DR, TDO goes from the active state to the high-impedance 
state. 


Pause-DR 


No specific function is performed in the stable Pause-DR state, in which the TAP controller can remain 
indefinitely. The Pause-DR state suspends and resumes data-register scan operations without loss of data. 


Update-DR 


If the current instruction calls for the selected data register to be updated with current data, then such update 
occurs on the falling edge of TCK, following entry to the Update-DR state. 


Capture-IR 


When an instruction-register scan is selected, the TAP controller must pass through the Capture-IR state. In 
the Capture-IR state, the instruction register captures its current status value. This capture operation occurs 
on the rising edge of TCK, upon which the TAP controller exits the Capture-IR state. 


For the "ВСТВЗ7ЗА, the status value loaded in the Capture-IR state is the fixed binary value 10000001. 
Shift-IR 


Upon entry to the Shift-IR state, the instruction register is placed in the scan path between TDI and TDO and, 
on the first falling edge of TCK, TDO goes from the high-impedance state to an active state. TDO enables to 
the logic level present in the least-significant bit of the instruction register. 


While in the stable Shift-IR state, instruction data is serially shifted through the instruction register on each TCK 
cycle. The first shift occurs on the first rising edge of TCK after entry to the Shift-IR state (i.e., no shifting occurs 
during the TCK cycle, in which the TAP controller changes from Capture-IR to Shift-IR or from Exit2-IR to 
Shift-IR). The last shift occurs on the rising edge of TCK, upon which the TAP controller exits the Shift-IR state. 


Exit1-IR, Exit2-IR 


The Exit1-IR and Exit2-IR states are temporary states used to end an instruction-register scan. It is possible 
to return to the Shift-IR state from either Exit1-IR or Exit2-IR without recapturing the instruction register. 


On the first falling edge of ТСК after entry to Exiti-IR, ТОО goes from the active state to the high-impedance 
state. 


Pause-IR 


No specific function is performed in the stable Pause-IR state, in which the TAP controller can remain 
indefinitely. The Pause-IR state suspends and resumes instruction-register scan operations without loss of 
data. 


Update-IR 


The current instruction is updated and takes effect on the falling edge of TCK, following entry to the Update-IR 
state. 
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register overview 


With the exception of the bypass register, any test register may be thought of as a serial shift register with a 
shadow latch on each bit. The bypass register differs in that it contains only a shift register. During the 
appropriate capture state (Capture-IR for instruction register, Capture-DR for data registers), the shift register 
may be parallel loaded from a source specified by the current instruction. During the-appropriate shift state 
(Shift-IR or Shift-DR), the contents of the shift register are shifted out from TDO while new contents are shifted 
in at TDI. During the appropriate update state (Update-IR or Update-DR), the shadow latches are updated from 
the shift register. 


_ instruction register description 


The instruction register (IR) is eight bits long and tells the device what instruction is to be executed. Information 
contained in the instruction includes the mode of operation (either normal mode, in which the device performs 
its normal logic function, or test mode, in which the normal logic function is inhibited or altered), the test operation 
to be performed, which of the three data registers is to be selected for inclusion in the scan path during 
data-register scans, and the source of data to be captured into the selected data register during Capture-DR. 


Table 2 lists the instructions supported by the 'BCT8373A. The even-parity feature specified for SCOPE™ 
devices is not supported in this device. Bit 7 of the instruction opcode is a don't-care bit. Any instructions that 
are defined for SCOPE™ devices but are not supported by this device default to BYPASS. 


During Capture-IR, the IR captures the binary value 10000001. As an instruction is shifted in, this value is shifted 
out via TDO and can be inspected as verification that the IR is in the scan path. During Update-IR, the value 
that has been shifted into the IR is loaded into shadow latches. At this time, the current instruction is updated, 
and any specified mode change takes effect. At power up or in the Test-Logic-Reset state, the IR is reset to the 
binary value 11111111, which selects the BYPASS instruction. The IR order of scan is shown in Figure 2. 





Figure 2. Instruction Register Order of Scan 
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data register description 


boundary-scan register 


The boundary-scan register (BSR) is 18 bits long. It contains one boundary-scan cell (BSC) for each 
normal-function input pin and one BSC for each normal-function output pin. The BSR is used 1) to store test 
data that is to be applied internally to the inputs of the normal on-chip logic and/or externally to the device output 
pins, and/or 2) to capture data that appears internally at the outputs of the normal on-chip logic and/or externally 
at the device input pins. 


The source of data to be captured into the BSR during Capture-DR is determined by the current instruction. The 
contents of the BSR may change during Run-Test/Idle as determined by the current instruction. The contents 
of the BSR are not changed in Test-Logic-Reset. 


The BSR order of scan is from TDI through bits 17—0 to ТОО. Table 1 shows the BSR bits and their associated 
device pin signals. 


Table 1. Boundary-Scan Register Configuration 


BSR BIT DEVICE BSR BIT DEVICE BSR BIT DEVICE 
— T — — NUMBER SIGNAL NUMBER — — 





boundary-control register 


The boundary-control register (BCR) is two bits long. The BCR is used in the context of the RUNT instruction 
to implement additional test operations not included in the basic SCOPE™ instruction set. Such operations 
include PRPG and PSA. Table 3 shows the test operations that are decoded by the BCR. 


During Capture-DR, the contents of the BCR are not changed. At power up or in Test-Logic-Reset, the BCR is 
reset to the binary value 10, which selects the PSA test operation. The BCR order of scan is shown in 
Figure 3. 


TDI TDO 





Figure 3. Boundary-Control Register Order of Scan 
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bypass register 


The bypass register is a 1-bit scan path that can be selected to shorten the length of the system scan path, 
thereby reducing the number of bits per test pattern that must be applied to complete a test operation. 


During Capture-DR, the bypass register captures a logic 0. The bypass register order of scan is shown in 


Figure 4. 


Figure 4. Bypass Register Order of Scan 


instruction register opcode description 


The instruction register opcodes are shown in Table 2. The following descriptions detail the operation of each 
instruction. 


Table 2. Instruction Register Opcodes 


BINARY CODET 
BIT 7 — BIT 0 SCOPE OPCODE DESCRIPTION SELECTED DATA 
REGISTER 
MSB — LSB 


Boundary scan 
























X0001010 READBN Boundary read Boundary scan Normai 
[ xoono | ст — | — Boundary settet — — |  Boundayscan | Noma | 


[хто | зом | __Bouncary-conrl register scan — | Boundary contol | Кота | 


t Bit 7 is a don't-care bit; X = don't care. 
t The BYPASS instruction is executed in lieu of a SCOPE™ instruction that is not supported in the 'BCT8373A. 


boundary scan 


This instruction conforms to the IEEE Standard 1149.1-1990 EXTEST and INTEST instructions. The BSR is 
selected іл the scan path. Data appearing at the device input terminals is captured in the input BSCs, while data 
appearing at the outputs of the normal on-chip logic is captured in the output BSCs. Data that has been scanned 
into the input BSCs is applied to the inputs of the normal on-chip logic, while data that has been scanned into 
the output BSCs is applied to the device output terminals. The device operates in the test mode. 
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bypass scan 
This instruction conforms to the IEEE Standard 1149.1-1990 BYPASS instruction. The bypass register is 


selected in the scan path. A logic 0 value is captured in the bypass register during Capture-DR. The device 
operates in the normal mode. 


sample boundary 


This instruction conforms to the IEEE Standard 1149.1-1990 SAMPLE/PRELOAD instruction. The BSR is 
selected in the scan path. Data appearing at the device input terminals is captured in the input BSCs, while data 
appearing at the outputs of the normal on-chip logic is captured in the output BSCs. The device operates in the 
normal mode. 


control boundary to high impedance 


This instruction conforms to the IEEE Standard 1149.1a-1993 HIGHZ instruction. The bypass register is 
selected in the scan path. A logic 0 value is captured in the bypass register during Capture-DR. The device 
operates in a modified test mode in which all device output terminals are placed in the high-impedance state, 
the device input terminals remain operational, and the normal on-chip logic function is performed. 


control boundary to 1/0 


This instruction conforms to the IEEE Standard 1149.1a-1993 CLAMP instruction. The bypass register is 
selected in the scan path. A logic 0 value is captured in the bypass register during Capture-DR. Datain the input 
BSCs is applied to the inputs of the normal on-chip logic, while data in the output BSCs is applied to the device 
output terminals. The device operates in the test mode. 


boundary run test 


The bypass register is selected in the scan path. A logic 0 value is captured in the bypass register during 
Capture-DR. The device operates in the test mode. The test operation specified in the BCR is executed during 
Run-Test/ldle. The four test operations decoded by the BCR are: sample inputs/toggle outputs (TOPSIP), 
PRPG, PSA, and simultaneous PSA and PRPG (PSA/PRPG). 


boundary read 


The BSR is selected in the scan path. The value in the BSR remains unchanged during Capture-DR. This 
instruction is useful for inspecting data after a PSA operation. 


boundary self test 


The BSR is selected in the scan path. All BSCs capture the inverse of their current values during Capture-DR. 
In this way, the contents of the shadow latches may be read out to verify the integrity of both shift-register and 
shadow-latch elements of the BSR. The device operates in the normal mode. 


boundary toggle outputs 


The bypass register is selected in the scan path. A logic 0 value is captured in the bypass register during 
Capture-DR. Data in the shift register elements of the selected output BSCs is toggled on each rising edge of 
TCK in Run-Test/ldle and is then updated in the shadow latches and applied to the associated device output 
terminals on each falling edge of ТСК in Run-Test/ldle. Data in the selected input BSCs remains constant and 
is applied to the inputs of the normal on-chip logic. Data appearing at the device input terminals is not captured 
in the input BSCs. The device operates in the test mode. 


boundary-control register scan 


The BCR is selected in the scan path. The value in the BCR remains unchanged during Capture-DR. This 
operation must be performed before a boundary run test operation in order to specify which test operation is 
to be executed. 
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boundary-control register opcode description 


The BCR opcodes are decoded from BCR bits 1-0 as shown in Table 3. The selected test operation is 
performed while the RUNT instruction is executed in the Run-Test/Idle state. The following descriptions detail 
the operation of each BCR instruction and illustrate the associated PSA and PRPG algorithms. 


Table 3. Boundary-Control Register Opcodes 







BINARY CODE 
BIT 1  BITO DESCRIPTION 


MSB > LSB 
[ — o0 |батре приблодеодрив ТОР | 
| __о | Pseudo-random pattern generation/ 16-bit mode (PRPG) 


It should be noted, in general, that while the control input BSCs (bits 17-16) are not included іп the sample, 
toggle, PSA, or PRPG algorithms, the output-enable BSC (bit 16 of the BSR) does control the drive state (active 
or high impedance) of the device output terminals. 


sample inputs/toggle outputs (TOPSIP) 


Data appearing at the device input terminals is captured in the shift-register elements of the при! BSCs on each 
rising edge of TCK. This data is then updated in the shadow latches of the input BSCs and applied to the inputs 
of the normal on-chip logic. Data in the shift-register elements of the output BSCs is toggled on each rising edge 
of TCK, updated in the shadow latches, and applied to the device output terminals on each falling edge of TCK. 










pseudo-random pattern generation (PRPG) 


A pseudo-random pattern is generated in the shift-register elements of the BSCs on each rising edge of TCK 
and then updated in the shadow latches and applied to the device output terminals on each falling edge of TCK. 
This data is also updated in the shadow latches of the input BSCs and applied to the inputs of the normal on-chip 
logic. Figure 5 illustrates the 16-bit linear-feedback shift-register algorithm through which the patterns are 
generated. An initial seed value should be scanned into the BSR before performing this operation. A seed value 
of all zeroes will not produce additional patterns. 





J > 1Q 2Q 3Q 4Q 5Q 6Q 7Q 8Q 


Figure 5. 16-Bit PRPG Configuration 
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parallel signature analysis (PSA) 


Data appearing at the device input terminals is compressed into a 16-bit paralle! signature in the shift-register 
elements of the BSCs on each rising edge of TCK. This data is then updated in the shadow latches of the input 
BSCs and applied to the inputs of the normal on-chip logic. Data in the shadow latches of the output BSCs 
remains constant and is applied to the device outputs. Figure 6 illustrates the 16-bit linear-feedback 
shift-register algorithm through which the signature is generated. An initial seed value should be scanned into 
the BSR before performing this operation. 





Figure 6. 16-Bit PSA Configuration 


simultaneous PSA and PRPG (PSA/PRPG) 


Data appearing at the device input terminals is compressed into an 8-bit parallel signature in the shift-register 
elements of the input BSCs on each rising edge of TCK. This data is then updated in the shadow latches of the 
input BSCs and applied to the inputs of the normal on-chip logic. At the same time, an 8-bit pseudo-random 
pattern is generated in the shift-register elements of the output BSCs on each rising edge of TCK, updated in 
the shadow latches, and applied to the device output terminals on each falling edge of TCK. Figure 7 illustrates 
the 8-bit linear-feedback shift-register algorithms through which the signature and patterns are generated. An 
initial seed value should be scanned into the BSR before performing this operation. A seed value of all zeroes 
will not produce additional patterns. 





Ф J > 10 га ‘за 4Q 5Q во та ва 


Figure 7. 8-Bit PSA/PRPG Configuration 
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timing description 


All test operations of the 'BCT8373A are synchronous to the test clock (TCK). Data on the TDI, TMS, and 
normal-function inputs is captured on the rising edge of TCK. Data appears on the TDO and normal-function 
output terminals on the falling edge of TCK. The TAP controller is advanced through its states (as shown in 
Figure 1) by changing the value of TMS on the falling edge of TCK and then applying a rising edge to TCK. 


A simple timing example is shown in Figure 8. In this example, the TAP controller begins in the Test-Logic-Reset 
state and is advanced through its states, as necessary, to perform one instruction-register scan and one 
data-register scan. While in the Shift-IR and Shift-DR states, TDI is used to input serial data and TDO is used 
to output serial data. The TAP controller is then returned to the Test-Logic-Reset state. Table 4 details the 
operation of the test circuitry during each TCK cycle. 


Table 4. Explanation of Timing Example 
TCK TAP STATE 
cvcLE(s) | AFTER ТСК DESCRIPTION 
š TMS is changed to a logic 0 value on the falling edge of TCK to begin advancing the TAP controller toward 
ЖШ Test-Logic-Reset | the desired state 


Run-Test/Idie 


pul 
e мои | UL 
а [sess | — CC LLL 


Capture-IR The IR captures the 8-bit binary value 10000001 on the rising edge of TCK as the TAP controller exits the 
pute Capture-IR state. | 




















Shift-IR TDO becomes active and TDI is made valid on the falling edge of TCK. The first bit is shifted into the TAP on 
the rising edge of TCK as the TAP controller advances to the next state. 


One bit is shifted into the IR on each TCK rising edge. With TDI held at a logic 1 value, the 8-bit binary value 
11111111 is serially scanned into the IR. Atthe same time, the 8-bit binary value 10000001 is serially scanned 
out of the IR via ТОО. In ТСК cycle 13, TMS is changed to a logic 1 value to end the IR scan on the next ТСК 
cycle. The last bit of the instruction is shifted as the TAP controller advances from Shift-IR to Exit1-IR. 


| 14 | TDO becomes inactive (goes to the high-impedance state) on the falling edge of TCK. 

| 15 | Update-IR | The IR is updated with the new instruction (BYPASS) on the falling edge of ТСК. 

‚т en ee MM! 
18 












Shift-IR 


Capture-DR The bypass register captures a logic 0 value on the rising edge of TCK as the TAP controller exits the 
p Capture-DR state. 


ТОО becomes active, and TDI is made valid, оп the falling edge of TCK. The first bit is shifted што the TAP 
on the rising edge of TCK as the TAP controller advances to the next state. 










Shift-DR 






19-20 


о 
бави | 7-7, 


Test-Logic-Reset 











Test operation completed - 
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 


TMS 


TDI 





то 555555555 


Б|о|Е | Е | с r |= |= |C с се | Е | с | 5 
2| 3|8|8 š z|2|3 °] 8 ааа 
е | 200 5 = Е | 10 | е Е :|8|9|910 
TAP ó le ETE UR xd шва 5 ВЕ |Е | е 
Controller | ` а е за е ша + 5 
5|< 51010 516 > | |е | е 
зае | 1 | 2 |е | 3 ° СИКТИ: 
5 $ 9 Š $505 
е = 


Ke 3-State (TDO) or Don't Care (TDI) 


Figure 8. Timing Example 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 


Supply voltage range, VOG .......................................................... -0.5Vto7 V 
Input voltage range, М: Except TMS (see Note 1) ...................................... —0.5 V to 7 V 
TMS (Sẹ Note T) ы ласы а cC qa Ыар ЕЙ йкы kaq -0.5V to 12 V 

Voltage range applied to any output in the disabled or power-off state .................... -0.5 V to 5.5 V 
Voltage range applied to any output іп the high state .................................. —0.5 V to Vcc 
ipit Ө ЕПН] Current Juss ООО m 130 ОЛО ОТ ЛГ О ERIGI О omnes mee DUE —30 mA 
Current into any output in the low state: SN54BCT8373A (ТОО) ............................... 40 mA 
SN54BCT8373A (Any О) ............................. 96 mA 

SN74BCT8373A (ТОО) ............................... 48 mA 

SN74BCT8373A (Any Q) ............................ 128 mA 

Maximum power dissipation at TA = 55°C (іп still air) (see Note 2): DW package .................. 1.7 W 
NT package ................... 1.3 W 

Storage temperature range, Таја =... «е... eee tert enne hn өл сө ае тата каз -65°C to 150°C 


T Stresses beyondthose listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1. The input voltage rating may be exceeded if the input clamp-current rating is observed. 

2. The maximum package power dissipation is calculated using a junction temperature of 150°C and a board trace length of 750 mils, 
except for the NT package, which has a trace length of zero. For more information, refer to the Package Thermal Considerations 
application note in the ABT Advanced BiCMOS Technology Data Book, literature number SCBDO002. 
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recommended operating conditions 


Мос ^ Supplyvoltage 
VIH High-level input voltage = __-_- а 






и 
UNIT 








VIHH Double-high-level input voltage TMS 


Ми. Low-level input voltage 08 
ИК Input clamp current -18 | -18| 


High-level output current po — | 


Ev. _ 
КЕРШ 
= 
| у 
= 
OL Low-level output current Ë 
L °C | 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 


































SN54BCT8373A SN74BCT8373A 
PARAMETER TEST CONDITIONS UNIT 
MIN ТҮРІ МАХ | MIN ТҮРІ MAX 
We [№5-45%  п-—тёта be ыр ee 
ET ЕГ 27 34 __| ar 34 | 
Поне за ЕСТИ 24 34 — 
Any Q ОН 
Vcc-45V Понта ра ПОНИ 
o икки НН 
Voo=A75V,_ low==1mA 
Vcc =4.5V 
ETT 
ip = 4впА оз оў | 
дуо | Voc =4.5 V 
TEE к= ue mex 
io = 20m = E т 
Voc -4.5V СЕЕ 
ЕЛБЕ а: 
777771962554 — М255У м | 
\н Моствву сет, -1 -35 -10| -1 -35 EE 
п |Vec- 55V, Vj =0.5 V -70 -200 -70 -200 = 
— а 
Voc = 5.5 V, Vo = 2.7V 
LE ET 5 35—100 288 = 
Ez CC ee ено Z ссе сты 
96 e -30 -70 -200| -30 -70 -200 
сері Уос-бо?у 10-05/0727У 
vus Ee eG 
и —  [№с:0  МоУо545У А 
lost Усс = 5.5 V, Vo =0 -100 -225 | -100 -225 







сс Veo=85V, _ Oupuscpen [Оирзи — | — 35 S| — % 52 
C 22579087 
eo [vess — —vo-2sveosv —ć | v | Cd 


T All typical values are at Voc = 5 V, TA = 25°C. 
+ Not more than one output should be shorted at a time, and the duration of the short circuit should not exceed one second. 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (normal mode) (see Figure 9) 


VcC 75V. | SN54BCT8373A | SN74BCT8373A 
ТА = 25°C UNIT 


w Pulse auton ТЕГІ Г» Е TL s = 
tsu Setup tme Data before LET Eus clum pem 
ТЕГІ? Data ater LED [gc do. НЕ ШІСІ 


timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (test mode) (see Figure 9) 


VCC 75V. | SN54BCT8373A | SN74BCT8373A 
TA = 25°C UNIT 


(dod Clockirequenc; тк |0 20| s z|- s _ 20] ме | 


| TOK high or ow BEC NE NU NER REI 4 
tw Pulse duration 
SU 





TMS double high 


td Delay time Power up to TCKT 


* On products compliant to MIL-PRF-38535, this parameter is not production tested. 





Any D before TCKT | | 
. LE or OE before TCKT 
t Setup time 
TDI before TCKT 
TMS before TCKT 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (normal mode) (see Figure 9) 


Voc =5V, 
FROM TO ТА = 25°C SN54BCT8373A | SN74BCT8373A 
PARAMETER (INPUT) (OUTPUT) E UNIT 
ТҮР МАХ| мн MAX| MN МАХ 





switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (test mode) (see Figure 9) 


ERN TO ЕЛЕНЕ SN54BCT8373A | SN74BCT8373A 
TA = 25°C 
FABAMEIER (INPUT) (OUTPUT) A 
ТҮР MAX| ММ МАХ] ММ МАХ 
юю MHz 


I Севар ж ие им 
РЕ IERA 2s 1656 | s № | 

ТЕ ш ЕТ ЕТ НН 
ШЕЕ om тск: 
|___Рн._____ 35 8 105] 35 131 35 12 
tPLH ЕЛ 75 165 20| 75 28| 75 24 

75 17 21 7.5 29 7.5 25 

65 w| es | es a 
= te — а та 


| рн | 


tPHZ 
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PARAMETER MEASUREMENT INFORMATION 


7 V (ра tpLz, О.С.) 


| Ореп 


(all others) 









From Output Test 
Under Test Рот 
CL R2 
(see Note A) 
Ај = R1 = А2 


LOAD CIRCUIT FOR 
3-STATE AND OPEN-COLLECTOR OUTPUTS 


зу 
Timing Input 1.5V 

m EE 0v 
tsu > fh a 

Data Input 15V 15V 
OV 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 


nt. гы ЗУ 
1.5 V 1.5 V 
0v 


| 
tPLH ——> — tPHL 


In-Dhaca w.. 
пе“ пазо 


| | — — Уон 
Output | 15У | 1.5V 


VoL 


| —l— ірін 
РН | 


| 
| | Уон 
ТАРА ua 15V 15V 
МЕР —— VoL 
VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES (see Note D) 


NOTES: А. С) includes probe and jig capacitance. 


From Output Test 
Under Test Point 
CL Ri 
(see Note A) 
LOAD CIRCUIT FOR 


TOTEM-POLE OUTPUTS 


High-Level (ores 3V 
Pulse 1.5V 15V 
оу 
tw 
3V 
Low-Level 15 V 15V 
Pulse — — == OV 


VOLTAGE WAVEFORMS 
PULSE DURATION 


кз 


Ошри 
Control 
(low-level enable) 


Waveform 1 
(see Note B) 


Waveform 2 
(see Note B) 





VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES, 3-STATE OUTPUTS 


B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 


moo 


All input pulses are supplied by generators having the following characteristics: РАН < 10 MHz, tr = { < 2.5 ns, duty cycle = 50%. 
The outputs are measured one at a time with one transition per measurement. 
When measuring propagation delay times of 3-state outputs, switch S1 is open. 


Figure 9. Load Circuits and Voltage Waveforms 
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€ Members of the Texas Instruments SN54BCT8374A ... JT PACKAGE 
SCOPE" Family of Testability Products мора ана NT PACKAGE 


€ Octal Test-Integrated Circuits 


€ Functionally Equivalent to 'F374 and 
'BCT374 in the Normal-Function Mode 


€ Compatible With the IEEE Standard 
1149.1-1990 (JTAG) Test Access Port and 
Boundary-Scan Architecture 


€ Test Operation Synchronous to Test 
Access Port (TAP) 


€ Implement Optional Test Reset Signal by 
Recognizing a Double-High-Level Voltage 
(10 V) on TMS Pin 


е SCOPE Instruction Set 

— IEEE Standard 1149.1-1990 Required 
Instructions, Optional INTEST, CLAMP, 
and HIGHZ SN54BCT8374A ... FK PACKAGE 

- Parallel-Signature Analysis at Inputs (TOP VIEW) 

- Pseudo-Random Pattern Generation 
From Outputs 

— Sample Inputs/Toggle Outputs 


€ Package Options Include Plastic 
Small-Outline (DW) Packages, Ceramic 
Chip Carriers (FK), and Standard Plastic 
(NT) and Ceramic (JT) 300-mil DIPs 





description 


The 'BCT8374A scan test devices with octal 
edge-triggered D-type flip-flops are members of 
the Texas Instruments SCOPE™ testability 
integrated-circuit family. This family of devices 
supports IEEE Standard 1149.1-1990 boundary NC – No internal connection 
scan to facilitate testing of complex circuit-board 

assemblies. Scan access to the test circuitry is 

accomplished via the 4-wire test access port 

(TAP) interface. | 


In the normal mode, these devices are functionally equivalent to the 'F374 and’BCT374 octal D-type flip-flops. 
The test circuitry can be activated by the TAP to take snapshot samples of the data appearing at the device 
terminals or to perform a self test on the boundary-test cells. Activating the TAP in normal mode does not affect 
the functional operation of the SCOPE™ octal flip-flops. 


In the test mode, the normal operation of the SCOPE" octal flip-flops is inhibited and the test circuitry is enabled 
to observe and control the I/O boundary of the device. When enabled, the test circuitry can perform 
boundary-scan test operations as described in IEEE Standard 1149.1-1990. 





SCOPE is a trademark of Texas Instruments Incorporated. 


PRODUCTION DATA тошеп в a as + писа date. Copyright © 1996, Texas Instruments Incorporated 
s conform to specifications per the terms of Texas Instruments г On | . 

standard warranty Production procesing dos по necessari Include і (idee Ны Ты Ga al или regimi eri 
testing of all parameters. I processing does not necessarily include testing of all parameters. 
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description (continued) 


Four dedicated test terminals control the operation of the test circuitry: test data input (TDI), test data output 
(TDO), test mode select (TMS), and test clock (TCK). Additionally, the test circuitry performs other testing 
functions such as parallel-signature analysis (PSA) on data inputs and pseudo-random pattern generation 
(PRPG) from data outputs. All testing and scan operations are synchronized to the TAP interface. 


Тһе SN54BCT8374A is characterized for operation over the full military temperature range of —55?C to 125°C. 
The SN74BCT8374A is characterized for operation from 0°C to 70°C. 


FUNCTION TABLE 
(normal mode, each flip-flop) 


INPUTS OUTPUT 
OE CLK Q 
T H 





D 
H 
L 
X 
X 


logic symbolt 


L 
Qo 
2 
Ф 
5САМ 


'BCT8374A 





TDI 
TMS TDO 
TCK 


OE 
CLK 


t This symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 
Pin numbers shown are for the DW, JT, and NT packages. 
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functional block diagram 





Boundary-Scan Register 





Vcc 
OE 24 p 
Vcc 
1 
CLK p. 
p= ee s= MU sns ~ 
| | 
| | 
© | 
ар 23 p. № | 2 (а 
| О 
| | 
| One of Eight Channels | 
| a e e J 








Bypass Register 
№ zn 
Register WEN Усс 
Voc > 11. тро 
14 Instruction Register 






TDI > 
Усс 
тмв -12 > 
e с Це ol 
опиопег 
13 
TCK » 


Pin numbers shown are for the DW, JT, and NT packages. 
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Terminal Functions 


TERMINAL 
DESCRIPTION 

































Normal-function clock input. See function table for normal-mode logic. An internal pullup forces CLK to a high level if left 
CLK 
unconnected. 
1D-8D Normal-function data inputs. See function table for normal-mode logic. Internal pullups force these inputs to a high level if 
left unconnected. | 
Normal-function output-enable input. See function table for normal-mode logic. An internal pullup forces OE to a high level 
if left unconnected. 
Normal-function data outputs. See function table for normal-mode logic. 
Test clock. One of four terminals required by IEEE Standard 1149.1-1990. Test operations of the device are synchronous to 
TCK TCK. Data is captured on the rising edge of TCK and outputs change on the falling edge of TCK. An internal pullup forces 
TCK to a high level if left unconnected. 
TDI Test data input. One of four terminals required by ЕЕЕ Standard 1149.1-1990. TDI is the serial input for shifting data through 
the instruction register or selected data register. An internal pullup forces TDI to a high level if left unconnected. 
Test data output. One of four terminals required by IEEE Standard 1149.1-1990. TDO is the serial output for shifting data 
TDO through the instruction register or selected data register. An internal pullup forces TDO to a high level when it is not active 
and is not driven from an external source. 
Test mode select. One of four terminals required by IEEE Standard 1149.1-1990. TMS directs the device through its TAP 
TMS controller states. An internal pullup forces TMS to a high level if left unconnected. TMS also provides the optional test reset 
signal of IEEE Standard 1149.1-1990. This is implemented by recognizing a third logic level, double high (Мнн), at TMS. 
Supply voltage 
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test architecture 


Serial-test information is conveyed by means of a 4-wire test bus, or TAP, that conforms to IEEE Standard 
1149.1-1990. Test instructions, test data, and test contro! signals all are passed along this serial-test bus. The 
TAP controller monitors two signals from the test bus, TCK and TMS. The TAP controller extracts the 
synchronization (TCK) and state control (TMS) signals from the test bus and generates the appropriate on-chip 
control signals for the test structures in the device. Figure 1 shows the TAP-controller state diagram. 


The TAP controller is fully synchronous to the TCK signal. Input data is captured on the rising edge of TCK, and 
output data changes on the falling edge of TCK. This scheme ensures that data to be captured is valid for fully 
one-half of the TCK cycle. 


The functional block diagram shows the IEEE Standard 1149.1-1990 4-wire test bus and boundary-scan 
architecture and the relationship among the test bus, the TAP controller, and the test registers. As shown, the 
device contains an 8-bit instruction register and three test-data registers: an 18-bit boundary-scan register, a 
2-bit boundary-control register, and a 1-bit bypass register. 


Test-Logic-Reset 






TMS = Н 










р Select-IR-Scan 


TMS = L 


Capture-IR 


Run-Test/Idle 






Select-DR-Scan 
Capture-DR 





TMS = L 





Update-DR 






Figure 1. TAP-Controller State Diagram 
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Тһе TAP controller is a synchronous finite state machine that provides test control signals throughout the device. 
The state diagram shown in Figure 1 is in accordance with IEEE Standard 1149.1-1990. The TAP controller 
proceeds through its states based on the level of TMS at the rising edge of TCK. 


As shown, the TAP controller consists of 16 states. There are six stable states (indicated by a looping arrow in 
the state diagram) and ten unstable states. A stable state is a state the TAP controller can retain for consecutive 
TCK cycles. Any state that does not meet this criterion is an unstable state. 


There are two main paths through the state diagram: one to access and control the selected data register and 
one to access and control the instruction register. Only one register can be accessed at a time. 


Test-Logic-Reset 


The device powers up in the Test-Logic-Reset state. In the stable Test-Logic-Reset state, the test logic is reset 
and is disabled so that the normal logic function of the device is performed. The instruction register is reset to 
an opcode that selects the optional IDCODE instruction, if supported, or the BYPASS instruction. Certain data 
registers also can be reset to their power-up values. 


The state machine is constructed such that the TAP controller returns to the Test-Logic-Reset state in no more 
than five TCK cycles if TMS is left high. The TMS pin has an internal pullup resistor that forces it high if left 
unconnected or if a board defect causes it to be open circuited. 


For the 'ВСТ8374А, the instruction register is reset to the binary value 11111111, which selects the BYPASS 
instruction. The boundary-control register is reset to the binary value 10, which selects the PSA test operation. 


Run-Test/Idle 


The TAP controller must pass through the Run-Test/Idle state (from Test-Logic-Reset) before executing any test 
operations. The Run-Test/Idle state also can be entered following data-register or instruction-register scans. 
Run-Test/Idle is a stable state in which the test logic may be actively running a test or may be idle. 


The test operations selected by the boundary-control register are performed while the TAP controller is in the 
Run-Test/Idle state. 


Select-DR-Scan, Select-IR-Scan 


No specific function is performed in the Select-DR-Scan and Select-IR-Scan states, and the TAP controller exits 
either of these states on the next TCK cycle. These states allow the selection of either data-register scan or 
instruction-register scan. 


Capture-DR 


When a data register scan is selected, the TAP controller must pass through the Capture-DR state. In the 
Capture-DR state, the selected data register may capture a data value as specified by the current instruction. 
Such capture operations occur on the rising edge of TCK, upon which the TAP controller exits the 
Capture-DR state. 


Shift-DR 


Upon entry to the Shift-DR state, the data register is placed in the scan path between TDI and TDO and, on the 
first falling edge of TCK, TDO goes from the high-impedance state to an active state. TDO enables to the logic 
level present in the least-significant bit of the selected data register. 


While in the stable Shift-DR state, data is serially shifted through the selected data register on each TCK cycle. 
The first shift occurs on the first rising edge of TCK after entry to the Shift-DR state (i.e., no shifting occurs during 
the TCK cycle in which the TAP controller changes from Capture-DR to Shift-DR or from Exit2-DR to Shift-DR). 
The last shift occurs on the rising edge of TCK, upon which the TAP controller exits the Shift-DR state. 
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Exit1-DR, Exit2-DR 


The Exit1-DR and Exit2-DR states are temporary states that end a data-register scan. It is possible to return 
to the Shift-DR state from either Exit1-DR or Exit2-DR without recapturing the data register. 


On the first falling edge of ТСК after entry to Exit1-DR, ТОО goes from the active state to the 
high-impedance state. 


Pause-DR 


No specific function is performed in the stable Pause-DR state, in which the TAP controller can remain 
indefinitely. The Pause-DR state suspends and resumes data-register scan operations without loss of data. 


Update-DR 


If the current instruction calls for the selected data register to be updated with current data, then such update 
occurs on the falling edge of TCK, following entry to the Update-DR state. 


Capture-IR 


When an instruction register scan is selected, the TAP controller must pass through the Capture-IR state. In 
the Capture-IR state, the instruction register captures its current status value. This capture operation occurs 
on the rising edge of TCK, upon which the TAP controller exits the Capture-IR state. 


For the 'BCT8374A, the status value loaded in the Capture-IR state is the fixed binary value 10000001. 
Shift-IR 


Upon entry to the Shift-IR state, the instruction register is placed in the scan path between TDI and TDO and, 
on the first falling edge of TCK, TDO goes from the high-impedance state to an active state. TDO enables to 
the logic level present in the least-significant bit of the instruction register. 


While in the stable Shift-IR state, instruction data is serially shifted through the instruction register on each TCK 
cycle. The first shift occurs on the first rising edge of TCK after entry to the Shift-IR state (i.e., no shifting occurs 
during the TCK cycle in which the TAP controller changes from Capture-IR to Shift-IR or from Exit2-IR to 
Shift-IR). The last shift occurs on the rising edge of TCK, upon which the TAP controller exits the Shift-IR state. 


Exit1-IR, Exit2-IR 


The Exit1-IR and Exit2-IR states are temporary states that end ап instruction-register scan. It is possible to 
return to the Shift-IR state from either Exiti-IR or Exit2-IR without recapturing the instruction register. 


On the first falling edge of TCK after entry to Exiti-IR, TDO goes from the active state to the 
high-impedance state. 


Pause-IR 


No specific function is performed in the stable Pause-IR state, in which the TAP controller can remain 
indefinitely. The Pause-IR state suspends and resumes instruction-register scan operations without loss 
of data. 


Update-IR 


The current instruction is updated and takes effect on the falling edge of TCK following entry to the 
Update-IR state. 
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register overview 


With the exception of the bypass register, any test register may be thought of as a serial-shift register with a 
shadow latch on each bit. The bypass register differs in that it contains only a shift register. During the 
appropriate capture state (Capture-IR for instruction register, Capture-DR for data registers), the shift register 
may be parallel loaded from a source specified by the current instruction. During the appropriate shift state 
(Shift-IR or Shift-DR), the contents of the shift register are shifted out from TDO while new contents are shifted 
in at TDI. During the appropriate update state (Update-IR or Update-DR), the shadow latches are updated from 
the shift register. 


instruction register description 


TDI 


The instruction register (IR) is eight bits long and tells the device what instruction is to be executed. Information 
contained in the instruction includes the mode of operation (either normal mode, in which the device performs 
its normal logic function, or test mode, in which the normal logic function is inhibited or altered), the test operation 
to be performed, which of the three data registers is to be selected for inclusion in the scan path during 
data-register scans, and the source of data to be captured into the selected data register during Capture-DR. 


Table 2 lists the instructions supported by the 'BCT8374A. The even-parity feature specified for SCOPE™ 
devices is not supported in this device. Bit 7 of the instruction opcode is a don't-care bit. Any instructions that 
are defined for SCOPE™ devices but are not supported by this device default to BYPASS. 


During Capture-IR, the IR captures the binary value 10000001. As an instruction is shifted in, this value is shifted 
out via TDO and can be inspected as verification that the IR is in the scan path. During Update-IR, the value 
that has been shifted into the IR is loaded into shadow latches. At this time, the current instruction is updated 
and any specified mode change takes effect. At power up or in the Test-Logic-Reset state, the IR is reset to the 
binary value 11111111, which selects the BYPASS instruction. The IR order of scan is shown in Figure 2. 





Figure 2. Instruction Register Order of Scan 
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data register description 


boundary-scan register 


The boundary-scan register (BSR) is 18 bits long. И contains one boundary-scan cell (BSC) for each 
normal-function input pin and one BSC for each normal-function output pin. The BSR is used to 1) store test 
data that is to be applied internally to the inputs of the normal on-chip logic and/or externally to the device output 
terminals, and/or 2) to capture data that appears internally at the outputs of the normal on-chip logic and/or 
externally at the device input terminals. 


The source of data to be captured into the BSR during Capture-DR is determined by the current instruction. The 
contents of the BSR may change during Run-Test/ldle as determined by the current instruction. The contents 
of the BSR are not changed in Test-Logic-Reset. 


The BSR order of scan is from TDI through bits 17—0 to ТОО. Table 1 shows the BSR bits and their associated 
device pin signals. 


Table 1. Boundary-Scan Register Configuration 


BSR BIT DEVICE BSR BIT DEVICE BSR BIT DEVICE 
NUMBER SIGNAL NUMBER SIGNAL NUMBER SIGNAL 
| v | ок | s | 9 | 7 | та | 






boundary-control register 


The boundary-control register (BCR) is two bits long. The BCR is used in the context of the RUNT instruction 
to implement additional test operations not included in the basic SCOPE™ instruction set. Such operations 
include PRPG and PSA. Table 3 shows the test operations that are decoded by the BCR. 


During Capture-DR, the contents of the BCR are not changed. At power up or in Test-Logic-Reset, the BCR is 
reset to the binary value 10, which selects the PSA test operation. The BCR order of scan is shown in Figure 3. 


TDI TDO 





Figure 3. Boundary-Control Register Order of Scan 
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bypass register 


The bypass register is a 1-bit scan path that can be selected to shorten the length of the system scan path, 
thereby reducing the number of bits per test pattern that must be applied to complete a test operation. 


During Capture-DR, the bypass register captures a logic 0. The bypass register order of scan is shown in 
Figure 4. 


1 


TDI TDO 


Figure 4. Bypass Register Order of Scan 


instruction-register opcode description 


The instruction-register opcodes are shown in Table 2. The following descriptions detail the operation of 
each instruction. 


| Table 2. Instruction-Register Opcodes 


BINARY СОРЕТ 
BIT 7 — BIT 0 SCOPE OPCODE DESCRIPTION SELECTED DATA 
REGISTER 
MSB – LSB 


|__Хооооого — | SAWPLE/PRELOAD | Sample boundary — — | Boundaryscan | Normal | 
[хо | вит | bypass scan | Bypass | Мота | 
Охооо | уға” — | ааа | Әне | Normal | 

















[ Xeon: | мм [Болу — — | Bouncary can [Normal — 
септе” | Boundary settes — | Boundarysean | Nomai | 
С Xwono | SGANCN — | Boundary-controtregisterscan — | Boundary contrai | Normal 
[моз | BYPASS] Bypassecan ____| — Bypass — | Noma 


t Bit 7 is a don't-care bit; X = don't care. 
t The BYPASS instruction is executed in lieu of a SCOPE™ instruction that is not supported in the 'ВСТ8374А. 


boundary scan | 
This instruction conforms to the IEEE Standard 1149.1-1990 EXTEST and INTEST instructions. The BSR is 
selected in the scan path. Data appearing at the device input terminals is captured in the input BSCs, while data 
appearing at the outputs of the normal on-chip logic is captured in the output BSCs. Data that has been scanned 


into the input BSCs is applied to the inputs of the normal on-chip logic, while data that has been scanned into 
the output BSCs is applied to the device output terminals. The device operates in the test mode. 
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bypass scan 


This instruction conforms to the IEEE Standard 1149.1-1990 BYPASS instruction. The bypass register is 
selected in the scan path. A logic 0 value is captured in the bypass register during Capture-DR. The device 
operates in the normal mode. 


sample boundary 


This instruction conforms to the IEEE Standard 1149.1-1990 SAMPLE/PRELOAD instruction. The BSR is 
selected in the scan path. Data appearing at the device input terminals is captured in the input BSCs, while data 
appearing at the outputs of the normal on-chip logic is captured in the output BSCs. The device operates in the 
normal mode. 


contro! boundary to high impedance 


This instruction conforms to the IEEE Standard 1149.1a-1993 HIGHZ instruction. The bypass register is 
selected in the scan path. A logic 0 value is captured in the bypass register during Capture-DR. The device 
operates in a modified test mode in which all device output terminals are placed in the high-impedance state, 
the device input terminals remain operational, and the normal on-chip logic function is performed. 


control boundary to 1/0 


This instruction conforms to the IEEE Standard 1149.1a-1993 CLAMP instruction. The bypass register is 
selected in the scan path. A logic 0 value is captured in the bypass register during Capture-DR. Data in the input 
BSCs is applied to the inputs of the normal on-chip logic, while data in the output BSCs is applied to the device 
output terminals. The device operates in the test mode. 


boundary run test 


The bypass register is selected in the scan path. A logic 0 value is captured in the bypass register during 
Capture-DR. The device operates in the test mode. The test operation specified in the BCR is executed during 
Run-Test/Idle. The four test operations decoded by the BCR are: sample inputs/toggle outputs (TOPSIP), 
PRPG, PSA, and simultaneous PSA and PRPG (PSA/PRPG). 


boundary read 


The BSR is selected in the scan path. The value in the BSR remains unchanged during Capture-DR. This 
instruction is useful for inspecting data after a PSA operation. 


boundary self test 


The BSR is selected in the scan path. All BSCs capture the inverse of their current values during Capture-DR. 
In this way, the contents of the shadow latches may be read out to verify the integrity of both shift-register and 
shadow-latch elements of the BSR. The device operates in the normal mode. 


boundary toggle outputs 


The bypass register is selected in the scan path. A logic 0 value is captured in the bypass register during 
Capture-DR. Data in the shift register elements of the selected output BSCs is toggled on each rising edge of 
ТСК іп Run-Test/ldle and is then updated in the shadow latches and applied to the associated device output 
terminals on each falling edge of TCK in Run-Test/Idle. Data in the selected input BSCs remains constant and 
is applied to the inputs of the normal on-chip logic. Data appearing at the device input terminals is not captured 
in the input BSCs. The device operates in the test mode. 


boundary-control-register scan 


The BCR is selected in the scan path. The value in the BCR remains unchanged during Capture-DR. This 
operation must be performed before a boundary-run test operation to specify which test operation is to 
be executed. 
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boundary-control-register opcode description 


The BCR opcodes are decoded from BCR bits 1-0 as shown in Table 3. The selected test operation is performed 
while the RUNT instruction is executed in the Run-Test/Idle state. The following descriptions detail the operation 
of each BCR instruction and illustrate the associated PSA and PRPG algorithms. 


Table 3. Boundary-Control Register Opcodes 


BINARY CODE 
BIT 1  BITO DESCRIPTION 
MSB — LSB 


| 00 | Sample inputs/toggle outputs (TOPSIP) 


Pseudo-random pattern generation/16-bit mode (PRPG) 
м Parallel-signature analysis/16-bit mode (PSA) 
Simultaneous PSA and PRPG/8-bit mode (PSA/PRPG) 


It should be noted, in general, that while the control input BSCs (bits 17-16) are not included in the sample, 
toggle, PSA, or PRPG algorithms, the output-enable BSC (bit 16 of the BSR) does control the drive state (active 
or high impedance) of the device output terminals. 





sample inputs/toggle outputs (TOPSIP) 


Data appearing at the device input terminals is captured in the shift-register elements of the input BSCs on each 
rising edge of TCK. This data is then updated in the shadow latches of the input BSCs and applied to the inputs 
of the normal on-chip logic. Data in the shift register elements of the output BSCs is toggled on each rising edge 
of TCK, updated in the shadow latches, and applied to the device output terminals on each falling edge of TCK. 


pseudo-random pattern generation (PRPG) 


A pseudo-random pattern is generated in the shift-register elements of the BSCs on each rising edge of TCK 
and then updated in the shadow latches and applied to the device output terminals on each falling edge of TCK. 
This data also is updated in the shadow latches of the input BSCs and applied to the inputs of the normal on-chip 
logic. Figure 5 shows the 16-bit linear-feedback shift-register algorithm through which the patterns are 
generated. An initial seed value should be scanned into the BSR before performing this operation. A seed value 
of all zeroes will not produce additional patterns. 





Figure 5. 16-Bit PRPG Configuration 
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parallel-signature analysis (PSA) 


Data appearing at the device input terminals is compressed into a 16-bit parallel signature in the shift-register 
elements of the BSCs on each rising edge of TCK. This data is then updated in the shadow latches of the input 
BSCs and applied to the inputs of the normal on-chip logic. Data in the shadow latches of the output BSCs 
remains constant and is applied to the device outputs. Figure 6 shows the 16-bit linear-feedback shift-register 
algorithm through which the signature is generated. An initial seed value should be scanned into the BSR before 
performing this operation. 


1D 2D 3D 4D 5D "eD 7D 8D 





Figure 6. 16-Bit PSA Configuration 


simultaneous PSA and PRPG (PSA/PRPG) 


Data appearing at the device input terminals is compressed into an 8-bit parallel signature in the shift-register 
elements of the input BSCs on each rising edge of TCK. This data is then updated in the shadow latches of the 
input BSCs and applied to the inputs of the normal on-chip logic. At the same time, an 8-bit pseudo-random 
pattern is generated in the shift-register elements of the output BSCs on each rising edge of TCK, updated in 
the shadow latches, and applied to the device output terminals on each falling edge of TCK. Figure 7 shows 
the 8-bit linear-feedback shift-register algorithm through which the signature and patterns are generated. An 
initial seed value should be scanned into the BSR before performing this operation. A seed value of all zeroes 
will not produce additional patterns. 


1D 2D 3D 4D 5D 6D 7D 8D 





Ф: J > ча га за 4Q 5Q 6Q та ға 


Figure 7. 8-Bit PSA/PRPG Configuration 
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timing description 


Alitest operations of the’BCT8374A are synchronous to ТСК. Data on the TDI, TMS, and normal-function inputs 
is captured on the rising edge of TCK. Data appears on the TDO and normal-function output terminals on the 
falling edge of TCK. The TAP controller is advanced through its states (as shown in Figure 1) by changing the 
value of TMS on the falling edge of TCK and then applying a rising edge to TCK. 


Asimple timing example is shown in Figure 8. In this example, the TAP controller begins in the Test-Logic-Reset 
state and is advanced through its states as necessary to perform one instruction-register scan and one 
data-register scan. While in the Shift-IR and Shift-DR states, TDI is used to input serial data and TDO is used 
to output serial data. The TAP controller is then returned to the Test-Logic-Reset state. Table 4 explains the 
operation of the test circuitry during each TCK cycle. 


Table 4. Explanation of Timing Example 


TCK TAP STATE 
CYCLE(S) | AFTER ТСК DESCRIPTION 
я TMS в changed to a logic 0 value on the falling edge of TCK to begin advancing the TAP controller toward 
TestLogic'Reset | the desired state 


витае | — —_ C  — 
о | 27 


Select-IR-Scan 
Capture-IR The IR captures the 8-bit binary value 10000001 on the rising edge of TCK as the TAP controller exits the 









Capture-IR state 
| sm | TDO becomes active and TDI is made valid on the falling edge of TCK. The first bit is shifted into the TAP 


C DH 
ЕСІНЕН 
EN 
Shift-IR 
Касан 
ШЕКСІМЕ 
ИЕГЕ 
|1920 | 


1 
7-13 
14 
15 
17 
21 





on the rising edge of TCK as the TAP controller advances to the next state. 





One bit is shifted into the IR on each ТСК rising edge. With TDI held at a logic 1 value, the 8-bit binary value 
11111111 is serially scannedinto the IR. Atthe same time, the 8-bit binary value 10000001 is serially scanned 
out of the IR via TDO. In TCK cycle 13, TMS is changed to a logic 1 value to end the IR scan on the next 
ТСК cycle. The last bit of the instruction is shifted as the TAP controller advances from Shift-IR to Exit1-IR. 


| киз | TDO becomes inactive (goes to the high-impedance state) on the falling edge of TCK. 
Update-IR The IR is updated with the new instruction (BYPASS) on the falling edge of TCK. 
зоа 


Capture-DR The bypass register captures a logic 0 value on the rising edge of TCK as the TAP controller exits the 
p Capture-DR state. 


| simon | TDO becomes active and TDI is made valid on the falling edge of TCK. The first bit is shifted into the TAP 
on the rising edge of TCK as the TAP controller advances to the next state. 

1820 | Suo | The binary value 10118 shifted n via TDI, while th binary value 010 is shitedoutva TDO. | 
[= | верно | тоо becomes inactive (goestothehighimpedancestate)onihealingedgeoITCK. - | 
ж | рдаеов | In general, ће selected data registers updated with the new data on the fling edge of TOK — | 
| 23 | - 


мәне ООО ООО 
аа ОИ 


Test-Logic-Reset | Test operation completed 

























«5 
INSTRUMENTS 


2-98 POST OFFICE BOX 655303 € DALLAS, TEXAS 75265 


SN54BCT8374A, SN74BCT8374A 
SCAN TEST DEVICES 
WITH OCTAL D-TYPE EDGE-TRIGGERED FLIP-FLOPS 


5С85045Е - JUNE 1990 – REVISED JULY 1996 


1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 





Ка 
TDI SSX 
TDO 
<|о |Е | Е {е с сісісіс с сісісісіз 
8 | э i т TIT a a alo 8 
1318138 Е 5131831 = 1213885 
TP $ e је |Е 5 б ша 5 ВЕ Е 
Controller I 1218 5 са сее |. 
е |š|š |z |0 5148 5151518 
Sato z |# 3 154 8 $|$|2 
Ф 3 8 $ 3 
ү É 


К 3-State (ТОО) or Don't Care (TDI) 


Figure 8. Timing Example 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 


Supply voltage ranga; VOG «x seule csv wee vise acea ve cd e Qe NOT лкен дик GRE ЖЫЗ -0.5Vto7V 
Input voltage range, Vi: except TMS (see Note 1) ...................................... —0.5 V to 7 V 
TMS (see NOGA) cic’ os sr ра ыы ЫМ ЕШ буз —0.5 V to 12 V 

Voltage range applied to any output in the disabled or power-off state .................... —0.5 V to 5.5 V 
Voltage range applied to any output in the high state .................................. -0.5 V to Усс 
Input clamp еште касни tes exor ehe at Е оон ses Ok baa eee cee ЕД ees —30 mA 
Current into any output in the low state: SN54BCT8374A (ТОО) ............................... 40 mA 
SN54BCT8374A (апу Q) .............................. 96 mA 

SN74BCT8374A (ТОО) ............................... 48 mA 

SN74BCT8374A (any Q) ............................. 128 mA 

Maximum power dissipation at TA = 55°C (in still air) (see Note 2): DW package .................. 1.7W 
NT package ................... 1.3W 

Storage temperature range, Tstg bdo cba A Senda О ay Ы ЫЫ анды v eem qa едик —65°С to 150°C 


t Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1. The input voltage rating may be exceeded if the input clamp-current rating is observed. 


2. The maximum package power dissipation is calculated using a junction temperature of 150°C and a board trace length of 750 mils, 
except for the NT package, which has a trace length of zero. For more information, refer to the Package Thermal Considerations 
application note in the ABT Advanced BiCMOS Technology Data Book, literature number SCBD002. 
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recommended operating conditions 


SN54BCT8374A SN74BCT8374A 
| MN NOM MAX| MN NOM MAX] ” 


vec зару авв ав авв 55 V — 
Viy — Hg level input valage Lug — tomo түт 
Lv Double-igh-evelinutvotage — СЗО ОС оо — 2| v 
Fw. _Lowlevelinputvotage O вов у 
Fk привет вв [ms] 


TO |25 -4 
| High-level output current mA 
ла t= | 


OH 
(Qu. пасе м, 
= | Anya | 
ма |4) 
ТА Operating free-air temperature -55 125 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 





SN54BCT8374A SN74BCT8374A 

PARAMETER TEST CONDITIONS UNIT 
MIN TYPT MAX MIN TYPT MAX 

Пе СУТИ 






















Vcc =475У _ lou --3mA [27 34 | гб ы За 
СОРТ __________ 24 а [| 24 34 | 
Any О SH 
vco-4sv Донева o —| 2 за TL i 
PERLES ae s 
a aoe 
EEEE 
Усс = 4.5 У 
Um аза 24 33 
CES эз оз] 
дуо | Voc =4.5 У 
lx п oe j 
io -20 mA БЕИТ ТА j 
Voc =4.5V OL 
PEDES [0505] 
— TEOR re ООО ОС 
| = [| \Усс=5.5М, М =2.7 V -1 -85 -100{ -1 -35 -100| pA | 
чш хс дану poe a ЕГ 
и a |Усс-55У, =0.5V — = -200| -30 -70 -200 Een 
| Mes] — а, ин а ај 
06 Q -30 -70 -20| -30 -70 -200 
ОРО Үсс-0122/, — Vo -05Voraz V 
lozPp Үсс-2/100, Уо - 05 Vor27 V 
a [осо Момо<аву x мм | 






СИ pess voo ja m pu s 
[Ози [387]  — 38 7| 

сс зер алы не [ыы ыы 
[outputs saa | 15 а 15 35 
ro Дери и-авусову ш ир, 
о осв \о-?5уоо5у и |F 


T All typical values are at Voc = 5 V, TA = 25°C. 
+ Not more than one output should be shorted at a time, and the duration of the short circuit should not exceed one second. 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (normal mode) (see Figure 9) 


Усс=5\, | SN54BCT8374A | SN74BCT8374A Түн 


TA = 25°C 
срок. Овектвдина 
мо Pulse duration cmo | 6 | s | s | ms | 
isu Setup time Databetorecuxt | з__| 5 — o |] 
n набито Dataatercuxt | 2 | 2 | 2 [тз 


timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (test mode) (see Figure 9) 


ҮСС=5% |sNsa4BCT8374A | SN74BCT8374A 
ТА = 25°C UNIT 


felock Clock frequency 




















| токою | — | 2 | 2 | 

tw Pulse duration - 
TMSdoublehigh [ш | œ | o | 
Ау ръеюетк | 6 | о Ге | 
"oom CLkorOE betore TCKT || 6 | 6 | 6 | 

u 
Е ; тољесето __| 6 [в [8 
тм | 2 | e | e — — 
AnyDatertoKT | | 45 __| 45 | 
| СиКогОЕ апо ток | 45 | 45 | 45 | 
th Hold time 

TDI ater TOKT [48 | 45 | 45 | 
мавт [о | о | 9  — 
ч__ Dalay tmo Powerupto tekt | то | | t — | 





* On products compliant to MIL-PRF-38535, this parameter is not production tested. 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (normal mode) (see Figure 9) 


ЕН Hs 2c SN54BCT8374A | SN74BCT8374A 
(OUTPUT) 


ТҮР МАХ мно МАХ| мм MAX] 
o j КӨБІ a 





switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (test mode) (see Figure 9) 


Voc =5V, 
FROM TO В С SN54BCT8374A | SN74BCT8374A 
PARAMETER (INPUT) (OUTPUT) “= 
ТУР МАХ LEE A 



















— ee анай 
са теку 
отн | 125 155] 6 2151] 6 20| 
76 105| 35 14| 35 _ 13) 
| арн | [а 35 13 EE 
165 — 20| 75 28 
7.5 21 75 29 
4 17 Rer we НГ ЖӨН 
Р2Н TCKL = 
7 15 20 


5 78-05 


8 _в | _ | s 2] 
PZH TCKT 
oT “з э | в 2] 8059 
аи ° | 

PHZ TCKL TDO 
“ы; | 3 76 1| з в 3 12 


t 8 185 22 8 27 
РН TCKT ns 
| ez | 8 185 22 8 — 8 8 27]. 
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PARAMETER MEASUREMENT INFORMATION 


7 V (ра (рых, О.С.) | 
Ореп 
(all others) 






$1 


From Output Test 
Under Test Point 
CL R2 
(see Note A) 
RL = А = А2 
LOAD CIRCUIT FOR 


3-STATE AND OPEN-COLLECTOR OUTPUTS 


3v 
Timing Input 45V 
SS оу 
Data Input 15У 1.5V 9 V 
| ov 
VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 
it fo. 2 зу 
1.5V 1.5V 
ov 
tPLH 4 — tPHL 
Output | 15V | 15V 


| «- t 
'PHL—€—»| | FEH 


Out-of-Phase | Уон 
Output 1.5V 15V 
—— VOL 
VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES (see Note D) 


| VoL 
| 


NOTES: A. С; includes probe and jig capacitance. 


From Output Test 
Under Test Point 
CL Ri 
(see Note A) 
LOAD CIRCUIT FOR 


TOTEM-POLE OUTPUTS 


High-Level V 
Pulse 15V 15V 
| 0v 
pos 
| зу 
Low-Level 1.5V 1.5V 
Pulse -------- ом 


VOLTAGE WAVEFORMS 
PULSE DURATION 


Зу 
output 15V 15V 
Control | I Eq 
(low-level enable) | оу 


tPZL = є 


| | 
| 45v IZK ç _ РРА 
Ci тайна 
| tPHZ > + 0.3 V 


tPZH € 
Waveform 2 т -t VOH 
(see Note B) 15V А 03у 
0v 


VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES, 3-STATE OUTPUTS 


E 


Waveform 1 
(seo Note B) 


B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 


moo 


. All input pulses are supplied by generators having the following characteristics: PRR s 10 MHz, | = < 2.5 ns, duty cycle = 50%. 
. The outputs are measured one at a time with one transition per measurement. 
. When measuring propagation delay times of 3-state outputs, switch S1 is open. 


Figure 9. Load Circuits and Voltage Waveforms 
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9 Members of the Texas Instruments $№54АВТ8245 ... JT PACKAGE 


T SN74ABT8245... DW PACKAGE 
SCOPE" Family of Testability Products (TOP VIEW) 


€ Compatible With the IEEE Standard 
1149.1-1990 (JTAG) Test Access Port 
and Boundary-Scan Architecture 


9 Functionally Equivalent to 'F245 and 
'ABT245 in the Normal-Function Mode 


ә SCOPE ™ Instruction Set: 

— IEEE Standard 1149.1-1990 Required 
Instructions, Optional INTEST, CLAMP, 
and HIGHZ 

- Parallel-Signature Analysis at Inputs 
With Masking Option 

- Pseudo-Random Pattern Generation 
From Outputs 

— Sample Inputs/Toggle Outputs 

- Binary Count From Outputs 

— Even-Parity Opcodes (TOP VIEW) 

€ Two Boundary-Scan Cells per I/O for 

Greater Flexibility 

е State-of-the-Art EPIC-IIB'" BiCMOS Design 

Significantly Reduces Power Dissipation 

© Package Options Include Plastic 

Small-Outline Packages (DW), Ceramic 

Chip Carriers(FK), and Standard Ceramic 

DIPs (JT) 





description 


The "АВТ8245 scan test devices with octal bus 
transceivers are members of the Texas Instru- 
ments SCOPE™ testability integrated-circuit 
family. This family of devices supports IEEE 
Standard 1149.1-1990 boundary scan to facilitate 
testing of complex circuit-board assemblies. Scan 
access to the test circuitry is accomplished via the 
4-wire test access port (TAP) interface. 





NC - No internal connection 


In the normal mode, these devices are functionally equivalent to the 'F245 and 'ABT245 octal bus transceivers. 
The test circuitry can be activated by the TAP to take snapshot samples of the data appearing at the device pins 
or to perform a self test on the boundary-test cells. Activating the TAP in normal mode does not affect the 
functional operation of the SCOPE?" octal bus transceivers. 


Data flow is controlled by the direction-contro! (DIR) and output-enable (OE) inputs. Data transmission is 
allowed from the A bus to the B bus or from the B bus to the A bus, depending on the logic level at DIR. The 
output-enable (OE) input can be used to disable the device so that the buses are effectively isolated. 


SCOPE and EPIC-IIB are trademarks of Texas Instruments Incorporated. 





PRODUCTION DATA information в curent as ol bikation date. Copyright © 1996, Texas Instruments Incorporated 
lucts Conform to spec! опз per the terms of Texas Instruments я 
standard warranty. Production processing does not necessarily Include Җә ТЕХ. A S Mus iMi) таза Ол pe piede ere 


testing of all parameters. processing does not necessarily include testing of all parameters. 
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description (continued) 


In the test mode, the normal operation of the SCOPE™ bus transceivers is inhibited and the test circuitry is 
enabled to observe and control the I/O boundary of the device. When enabled, the test circuitry can perform 
boundary-scan test operations as described in IEEE Standard 1149.1-1990. 


Four dedicated test pins control the operation of the test circuitry: test data input (TDI), test data output (TDO), 
test mode select (TMS), and test clock (TCK). Additionally, the test circuitry performs other testing functions 
such as parallel-signature analysis (PSA) on data inputs and pseudo-random pattern generation (PRPG) from 
data outputs. All testing and scan operations are synchronized to the TAP interface. 


The SN54ABT8245 is characterized for operation over the full military temperature range of ~ 55°C to 125°C. 
The SN74ABT8245 is characterized for operation from —40°С to 85°C. 


FUNCTION TABLE 
(normal mode) 


INPUTS 
“ӨШ са | OPERATION 


B data to A bus 


A data to B bus 
Isolation 
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functional block diagram 








Voc 


1 
TMS 2 > 
ТАР 
Controller 
1 
TCK : P 


Pin numbers shown are for the DW and JT packages. 


Boundary-Scan Reglster 


One of Elght Channels 


% _ шата EE 

Register 

Усс  --а L 
TDI 14 Instru 
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| Terminal Functions 


TERMINAL | 
МАМЕ DESCRIPTION 


A1—A8 Normal-function A-bus І/О ports. See function table for normal-mode logic. 
B1-B8 Normal-function B-bus /О ports. See function table for normal-mode logic. 
| DIR  |Normal-tunction direction-control input. See function table for normal-mode logic. 






















| ОЕ  |Normaktunction output-enable input. See function table for normal-mode logic. 


K Test clock. One of four terminals required by IEEE Standard 1149.1-1990. Test operations of the device are synchronous to TCK. 
Data is captured on the rising edge of TCK and outputs change on the falling edge of TCK. 


Test data input. One of four terminals required by IEEE Standard 1149.1-1990. TDI is the serial input for shifting data through the 
instruction register or selected data register. An internal pullup forces TDI to a high level if left unconnected. 


Test data output. One of four terminals required by IEEE Standard 1149.1-1990. TDO is the seríal output for shifting data through 
the instruction register or selected data register. 


Test mode select. One of four terminals required by IEEE Standard 1149.1-1990. TMS input directs the device through its TAP 
controller states. An internal ри р forces TMS to a high level if left unconnected. 


Supply voltage 









D 
O 







| 
S 


УС 
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test architecture 


Serial-test information is conveyed by means of a 4-wire test bus or TAP that conforms to IEEE Standard 
1149.1-1990. Test instructions, test data, and test control signals all are passed along this serial-test bus. The 
TAP controller monitors two signals from the test bus, TCK and TMS. The TAP controller extracts the 
synchronization (TCK) and state control (TMS) signals from the test bus and generates the appropriate on-chip 
control signals for the test structures in the device. Figure 1 shows the TAP-controller state diagram. 


The TAP controller is fully synchronous to the TCK signal. Input data is captured on the rising edge of TCK and 
output data changes on the falling edge of TCK. This scheme ensures data to be captured is valid for fully 
one-half of the TCK cycle. 


The functional block diagram shows the IEEE Standard 1149.1-1990 4-wire test bus and boundary-scan 
architecture and the relationship among the test bus, the TAP controller, and the test registers. As illustrated, 
the device contains an 8-bit instruction register and three test-data registers: a 36-bit boundary-scan register, 
an 11-bit boundary-control register, and a 1-bit bypass register. 


Test-Logic-Reset 


TMS =H 


Run-Test/idle Select-DR-Scan Select-IR-Scan 


TMS =L 





Figure 1. TAP-Controller State Diagram 
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state diagram description 


The TAP controller is a synchronous finite state machine that provides test control signals throughout the device. 
The state diagram shown in Figure 1 is in accordance with IEEE Standard 1149.1-1990. The TAP controller 
proceeds through its states based on the level of TMS at the rising edge of TCK. 


As illustrated, the TAP controller consists of 16 states. There are six stable states (indicated by a looping arrow 
in the state diagram) and ten unstable states. A stable state is a state the TAP controller can retain for 
consecutive TCK cycles. Any state that does not meet this criterion is an unstable state. 


There are two main paths through the state diagram: one to access and control the selected data register and 
one to access and control the instruction register. Only one register can be accessed at a time. 


Test-Logic-Reset 


The device powers up in the Test-Logic-Reset state. In the stable Test-Logic-Reset state, the test logic is reset 
and is disabled so that the normal logic function of the device is performed. The instruction register is reset to 
an opcode that selects the optional IDCODE instruction, if supported, or the BYPASS instruction. Certain data 
registers also can be reset to their power-up values. 


The state machine is constructed such that the TAP controller returns to the Test-Logic-Reset state in no more 
than five TCK cycles if TMS is left high. The TMS pin has an internal pullup resistor that forces it high if left 
unconnected or if a board defect causes it to be open circuited. 


For the "АВТ8245, the instruction register is reset to the binary value 11111111, which selects the BYPASS 
instruction. Each bit in the boundary-scan register is reset to logic 0. The boundary-control register is reset to 
the binary value 00000000010, which selects the PSA test operation with no input masking. 


Run-Test/ldle 


The TAP controller must pass through the Run-Test/Idle state (from Test-Logic-Reset) before executing any test 
operations. The Run-Test/Idle state can also be entered following data-register or instruction-register scans. 
Run-Test/ldle is a stable state in which the test logic can be actively running a test or can be idle. 


The test operations selected by the boundary-control register are performed while the TAP controller is in the 
Run-Test/dle state. 


Select-DR-Scan, Select-IR-Scan 


No specific function is performed in the Select-DR-Scan and Select-IR-Scan states, and the TAP controller exits 
either of these states on the next TCK cycle. These states allow the selection of either data-register scan or 
instruction-register scan. 


Capture-DR 


When a data register scan is selected, the TAP controller must pass through the Capture-DR state. In the 
Capture-DR state, the selected data register can capture a data value as specified by the current instruction. 
Such capture operations occur on the rising edge of TCK, upon which the TAP controller exits the Capture-DR 
state. 


Shift-DR 


Upon entry to the Shift-DR state, the data register is placed in the scan path between TDI and TDO and, on the 
first falling edge of TCK, TDO goes from the high-impedance state to an active state. TDO enables to the logic 
level present in the least-significant bit of the selected data register. 


While in the stable Shift-DR state, data is serially shifted through the selected data register on each TCK cycle. 
The first shift occurs on the first rising edge of TCK after entry to the Shift-DR state (i.e., no shifting occurs during 
the TCK cycle in which the TAP controller changes from Capture-DR to Shift-DR or from Exit2-DR to Shift-DR). 
The last shift occurs on the rising edge of TCK, upon which the TAP controller exits the Shift-DR state. 
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Exiti-DR, Exit2-DR 


The Exit1-DR and Exit2-DR states are temporary states end a data-register scan. It is possible to return to the 
Shift-DR state from either Exit1-DR or Exit2-DR without recapturing the data register. 


On the first falling edge of TCK after entry to Exit1-DR, TDO goes from the active state to the high-impedance 
state. 


Pause-DR 


No specific function is performed in the stable Pause-DR state, in which the TAP controller can remain 
indefinitely. The Pause-DR state suspends and resumes data-register scan operations without loss of data. 


Update-DR 


If the current instruction calls for the selected data register to be updated with current data, then such update 
occurs on the falling edge of TCK following entry to the Update-DR state. 


Capture-IR 


When an instruction-register scan is selected, the TAP controller must pass through the Capture-IR state. In 
the Сарішге-ІН state, the instruction register captures its current status value. This capture operation occurs 
on the rising edge of TCK, upon which the TAP controller exits the Capture-IR state. 


For the "АВТ8245, the status value loaded in the Capture-IR state is the fixed binary value 10000001. 
Shift-IR 


Upon entry to the Shift-IR state, the instruction register is placed in the scan path between TDI and TDO and, 
on the first falling edge of TCK, TDO goes from the high-impedance state to an active state. TDO enables to 
the logic level present in the least-significant bit of the instruction register. 


While in the stable Shift-IR state, instruction data is serially shifted through the instruction register on each TCK 

cycle. The first shift occurs on the first rising edge of ТСК after entry to the Shift-IR state (i.e., no shifting occurs 

during the TCK cycle in which the TAP controller changes from Capture-IR to Shift-IR or from Exit2-IR to 

Shift-IR). The last shift occurs on the rising edge of TCK, upon which the TAP controller exits the Shift-IR state. 
Exit1-IR, Exit2-IR 

The Exiti-IR and Exit2-IR states are temporary states that end an instruction-register scan. It is possible to 

return to the Shift-IR state from either Exiti-IR or Exit2-IR without recapturing the instruction register. 


On the first falling edge of TCK after entry to Exit1-IR, TDO goes from the active state to the high-impedance 
state. 


Pause-IR 


No specific. function is performed in the stable Pause-IR state, in which the TAP controller can remain 
indefinitely. The Pause-IR state suspends and resumes instruction-register scan operations without loss of 
data. 


Update-IR 


The current instruction is updated and takes effect on the falling edge of TCK following entry to the Update-IR 
state. 
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register overview 


With the exception of the bypass register, any test register can be thought of as a serial-shift register with a 
shadow latch on each bit. The bypass register differs in that it contains only a shift register. During the 
appropriate capture state (Capture-IR for instruction register, Capture-DR for data registers), the shift register 
can be paralle! loaded from a source specified by the current instruction. During the appropriate shift state 
(Shift-IR or Shift-DR), the contents of the shift register are shifted out from TDO while new contents are shifted 
in at TDI. During the appropriate update state (Update-IR or Update-DR), the shadow latches are updated from 
the shift register. 


instruction register description 


The instruction register (IR) is eight bits long and tells the device what instruction is to be executed. Information 
contained in the instruction includes the mode of operation (either normal mode, in which the device performs 
its normal logic function, ortest mode, in which the normal logic function is inhibited or altered), the test operation 
to be performed, which of the three data registers is to be selected for inclusion in the scan path during 
data-register scans, and the source of data to be captured into the selected data register during Capture-DR. 


Table 3 lists the instructions supported by the 'ABT8245. The even-parity feature specified for SCOPE" devices 
is supported in this device. Bit 7 of the instruction opcode is the parity bit. Any instructions that are defined for 
SCOPE™ devices but are not supported by this device default to BYPASS. 


During Capture-IR, the IR captures the binary value 10000001. As an instruction is shifted in, this value is shifted 
out ма ТОО and can be inspected as verification that the IR is in the scan path. During Update-IR, the value 
that has been shifted into the IR is loaded into shadow latches. At this time, the current instruction is updated, 
and any specified mode change takes effect. At power up or in the Test-Logic-Reset state, the IR is reset to the 
binary value 11111111, which selects the BYPASS instruction. 


The IR order of scan is shown in Figure 2. 


Bit 7 
Bit 0 
TDI Parity | тоо 
(MSB) = = Е Е = HEI ү 


Figure 2. Instruction Register Order of Scan 
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data register description 


boundary-scan register 


The boundary-scan register (BSR) is 36 bits long. It contains one boundary-scan cell (BSC) for each 
normal-function input pin, two BSCs for each normal-function /О pin (one for input data and one for output data), 
and one BSC for each of the internally decoded output-enable signals (OEA and OEB). The BSR is used 1) to 
store test data that is to be applied internally to the inputs of the normal on-chip logic and/or externally to the 
device output pins, and/or 2) to capture data that appears internally at the outputs of the normal on-chip logic 
and/or externally at the device input pins. 


The source of datato be captured into the BSR during Capture-DR is determined by the current instruction. The 
contents of the BSR can change during Run-Test/Idle as determined by the current instruction. At power up 
or in Test-Logic-Reset, the value of each BSC is reset to logic 0. 


When external data is to be captured, the BSCs for signals OEA and OEB capture logic values determined by 
the following positive-logic equations: OEA = OE e DIR, and OEB = OE e DIR. When data is to be applied 
externally, these BSCs control the drive state (active or high-impedance) of their respective outputs. 


The BSR order of scan is from TDI through bits 35-0 to ТОО. Table 1 shows the BSR bits and their associated 
device pin signals. 


Table 1. Boundary-Scan Register Configuration 


DEVICE BSR BIT DEVICE 
= NUMBER SIGNAL 
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boundary-control register 


The boundary-control register (BCR) is 11 bits long. The BCR is used in the context of the RUNT instruction to 
implement additional test operations not included in the basic SCOPE?" instruction set. Such operations include 
PRPG, PSA with input masking, and binary count up (COUNT). Table 4 shows the test operations decoded by 
the BCR. 


During Capture-DR, the contents of the BCR are not changed. At power up or in Test-Logic-Reset, the BCR is 
reset to the binary value 00000000010, which selects the PSA test operation with no input masking. 


The BCR order of scan is from TDI through bits 10-0 to ТОО. Table 2 shows the BCR bits and their associated 
test control signals. 


Table 2. Boundary-Control Register Configuration 


TEST TEST TEST 
1. CONTROL NUMBER CONTROL реда CONTROL 
SIGNAL SIGNAL SIGNAL 


Го | мән | s | мөн | z | 0Р000Е2 | 


о | weg | s | мәз | + | orco 
[s | mse | + | мәс | о | оғсооео | 
т | wee | s [ми | — | — | 





bypass register 


The bypass register is a 1-bit scan path that can be selected to shorten the length of the system scan path, 
thereby reducing the number of bits per test pattern that must be applied to complete a test operation. 


During Capture-DR, the bypass register captures a logic 0. The bypass register order of scan is shown in 
Figure 3. 


Figure 3. Bypass Register Order of Scan 
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instruction-register opcode description 


The instruction-register opcodes are shown in Table 3. The following descriptions detail the operation of each 
Table 3. Instruction-Register Opcodes 


instruction. 
BINARY СОВЕТ 
BIT 7 — BIT 0 SCOPE OPCODE DESCRIPTION SELECTED DATA 
REGISTER 
MSB — LSB 


Tesi 
Оооо | ве | ғаға, | вувазә [ Noma | 
[оо | в" — | — бек | ае | Noma | 
[соо | eveasst — | бы —  — | Bypass | Noma | 

№ | 







Охооо | вт — | — ны — — | бе — | Normal | 
[ ооо [сезт | Bounda sattes | Boundary scan | Мола | 


T Bit 7 is used to maintain even parity in the 8-bit instruction. 
+ The BYPASS instruction is executed in lieu of a SCOPE™ instruction that is not supported in the 'ABT8245. 










boundary scan 


This instruction conforms to the IEEE Standard 1149.1-1990 EXTEST and INTEST instructions. The BSR is 
selected in the scan path. Data appearing at the device input pins is captured in the input BSCs, while data 
appearing at the outputs of the normal on-chip logic is captured in the output BSCs. Data that has been scanned 
into the input BSCs is applied to the inputs of the normal on-chip logic, while data that has been scanned into 
the output BSCs is applied to the device output pins. The device operates in the test mode. 


bypass scan 


This instruction conforms to the IEEE Standard 1149.1-1990 BYPASS instruction. The bypass register is 
selected in the scan path. A logic 0 value is captured in the bypass register during Capture-DR. The device 
operates in the normal mode. 


sample boundary 


This instruction conforms to the IEEE Standard 1149.1-1990 SAMPLE/PRELOAD instruction. The BSR is 
selected in the scan path. Data appearing at the device input pins is captured in the input BSCs, while data 
appearing at the outputs of the normal on-chip logic is captured in the output BSCs. The device operates in the 
normal mode. 
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control boundary to high impedance 


This instruction conforms to the IEEE Standard 1149.1a-1993 HIGHZ instruction. The bypass register is 
selected in the scan path. A logic 0 value is captured in the bypass register during Capture-DR. The device 
operates in a modified test mode in which all device I/O pins are placed in the high-impedance state, the device 
input pins remain operational, and the normal on-chip logic function is performed. 


control boundary to 1/0 


This instruction conforms to the IEEE Standard 1149.1a-1993 CLAMP instruction. The bypass register is 
selected in the scan path. A logic 0 value is captured in the bypass register during Capture-DR. Data in the input 
BSCs is applied to the inputs of the normal on-chip logic, while data in the output BSCs is applied to the device 
output pins. The device operates in the test mode. 


boundary run test 


The bypass register is selected in the scan path. A logic O value is captured in the bypass register during 
Capture-DR. The device operates in the test mode. The test operation specified in the BCR is executed during 
Run-Test/Idle. The five test operations decoded by ће BCR are: sample inputs/toggle outputs (TOPSIP), 
PRPG, PSA, simultaneous PSA and PRPG (PSA/PRPG), and simultaneous PSA and binary count up 
(PSA/COUNT). 


boundary read 


The BSR is selected in the scan path. The value in the BSR remains unchanged during Capture-DR. This 
instruction is useful for inspecting data after a PSA operation. 


boundary self test 


The BSR is selected in the scan path. All BSCs capture the inverse of their current values during Capture-DR. 
In this way, the contents of the shadow latches can be read out to verify the integrity of both shift-register and 
shadow-latch elements of the BSR. The device operates in the normal mode. 


boundary toggle outputs 


The bypass register is selected in the scan path. A logic 0 value is captured in the bypass register during 
Capture-DR. Data in the shift-register elements of the selected output BSCs is toggled on each rising edge of 
TCK in Run-Test/Idle, updated in the shadow latches, and applied to the associated device output pins on each 
falling edge of ТСК in Run-Test/ldle. Data in the selected input BSCs remains constant and is applied to the 
inputs of the normal on-chip logic. Data appearing at the device input pins is not captured in the input BSCs. 
The device operates in the test mode. 


boundary-control register scan 


The BCR is selected in the scan path. The value in the boundary-control register remains unchanged during 
Capture-DR. This operation must be performed before a boundary run test operation to specify which test 
operation is to be executed. 
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boundary-control-register opcode description 


The BCR opcodes are decoded from BCR bits 2-0 as shown in Table 4. The selected test operation is 
performed while the RUNT instruction is executed in the Run-Test/Idle state. The following descriptions detail 
the operation of each BCR instruction and illustrate the associated PSA and PRPG algorithms. 


Table 4. Boundary-Control Register Opcodes 


BINARY CODE 
BIT 2 > BIT O DESCRIPTION 
MSB > LSB 


Sample inputs/toggle outputs (TOPSIP) 


It should be noted, in general, that while the contro! input BSCs (bits 35--32) are not included in the sample, 
toggle, PSA, PRPG, or COUNT algorithms, the output-enable BSCs (bits 35—34 of the BSR) до control the drive 
state (active or high impedance) of the selected device output pins. It also should be noted that these BCR 
instructions are only valid when the device is operating in one direction of data flow (that is, ОБА ғ OEB). 
Otherwise, the bypass instruction is operated. 





PSA input masking 


Bits 10—3 of the BCR specify device input pins to be masked from PSA operations. Bit 10 selects masking for 
device input pin A8 during A-to-B data flow or for device input pin B8 during B-to-A data flow. Bit 3 selects 
masking for device input pins A1 or B1 during A-to-B or B-to-A data flow, respectively. Bits intermediate to 10 
and 3 mask corresponding device input pins, in order, from most significant to least significant, as indicated in 
Table 3. When the mask bit that corresponds to a particular device input has a logic 1 value, the device input 
pin в masked from any PSA operation, meaning that the state of the device input pin is ignored and has no effect 
on the generated signature. Otherwise, when a mask bit has a logic 0 value, the corresponding device input 
is not masked from the PSA operation. 


sample inputs/toggle outputs (TOPSIP) 


Data appearing at the selected device input pins is captured in the shift-register elements of the selected BSCs 
on each rising edge of TCK. This data is updated in the shadow latches of the selected input BSCs and applied 
to the inputs of the normal on-chip logic. Data in the shift-register elements of the selected output BSCs is 
toggled on each rising edge of TCK, updated in the shadow latches, and applied to the associated device output 
pins on each falling edge of TCK. 
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pseudo-random pattern generation (PRPG) 


A pseudo-random pattern is generated in the shift-register elements of the selected BSCs on each rising edge 
of TCK, updated in the shadow latches, and applied to the associated device output pins on each falling edge 
of TCK. This data also is updated in the shadow latches of the selected input BSCs and, thereby, applied to the 
inputs of the normal on-chip logic. Figures 4 and 5 illustrate the 16-bit linear-feedback shift-register algorithms 
through which the patterns are generated. An initial seed value should be scanned into the BSR before 
performing this operation. Note that a seed value of all zeroes does not produce additional patterns. 


A8-! А7-1 Аб-1 А5-1 А4-1 АЗ-І А2-І А1: 





© ше B8-O B7-O B6-O B5-O В4-О B3-O B2-O B1-O 


Figure 4. 16-Bit PRPG Configuration (OEA = 0, OEB = 1) 





J > A8-O AT-O A6-O А5-О A4-O A3-O A2-O A1-O 


Figure 5. 16-Bit PRPG Configuration (ОЕА 21, ОЕВ = 0) 
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parallel-signature analysis (PSA) 


Data appearing at the selected device input pins is compressed into a 16-bit parallel signature in the 
shift-register elements of the selected BSCs on each rising edge of ТСК. This data is then updated in the shadow 
latches of the selected input BSCs and applied to the inputs of the normal on-chip logic. Data in the shadow 
latches of the selected output BSCs remains constant and is applied to the device outputs. Figures 6 and 7 
illustrate the 16-bit linear-feedback shift-register algorithms through which the signature is generated. An initial 
seed value should be scanned into the BSR before performing this operation. 


АВ-1 АТ-1 А6-І А5-І А4-І АЗ-І А2-І А1-1 


МАЗКХ 


МАЗКХ 





Figure 7. 16-Bit PSA Configuration (OEA = 1, ОЕВ = 0) 
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simultaneous PSA and PRPG (PSA/PRPG) 


Data appearing at the selected device input pins is compressed into an 8-bit parallel signature in the 
shift-register elements of the selected input BSCs on each rising edge of TCK. This data is then updated in the 
shadow latches of the selected input BSCs and applied to the inputs of the normal on-chip logic. At the same 
time, an 8-bit pseudo-random pattern is generated in the shift-register elements of the selected output BSCs 
on each rising edge of TCK, updated in the shadow latches, and applied to the associated device output pins 
on each falling edge of TCK. Figures 8 and 9 illustrate the 8-bit linear-feedback shift-register algorithms through 
which the signature and patterns are generated. An initial seed value should be scanned into the BSR before 
performing this operation. Note that a seed value of all zeroes does not produce additional patterns. 


А8-1 АТА Аб-1 А5-1 А44 A3-I А2-1 А1-1 


МАЗКХ 





© Jo B&O 870 во 850 во BO во Bio 


Figure 8. 8-Bit PSA/PRPG Configuration (ОЕА = 0, OEB = 1) 


MASKX 





) > A8-O AT-O A6-O A5-O A4-O A3-O A2-O A1-O 


Figure 9. 8-Bit PSA/PRPG Configuration (OEA z 1, OEB z 0) 





4% TEXAS 
INSTRUMENTS 


3-18 ; POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 


SN54ABT8245, SN74ABT8245 
SCAN TEST DEVICES 
WITH OCTAL BUS TRANSCEIVERS 


SCBS124D - AUGUST 1992 - REVISED DECEMBER 1996 


simultaneous PSA and binary count up (PSA/COUNT) 


Data appearing at the selected device input pins is compressed into an 8-bit parallel signature in the 
shift-register elements of the selected input BSCs on each rising edge of TCK. This data is then updated in the 
shadow latches of the selected input BSCs and applied to the inputs of the normal on-chip logic. At the same 
time, an 8-bit binary count-up pattern is generated in the shift-register elements of the selected output BSCs 
on each rising edge of TCK, updated in the shadow latches, and applied to the associated device output pins 
on each falling edge of TCK. In addition, the shift-register elements of the opposite output BSCs are used to 
count carries out of the selected output BSCs and, thereby, extend the count to 16 bits. Figures 10 and 11 
illustrate the 8-bit linear-feedback shift-register algorithms through which the signature is generated. An initial 
seed value should be scanned into the BSR before performing this operation. 


АВ-1 А7-1 А6-І А5-І Аі АЗ А2-І А1-І 


МА5КХ 





„> ШІСІПСІГІ 


B3-O B20 B 
Figure 10. 8-Bit PSA/COUNT Configuration (OEA = 0, OEB = 1) 


MASKX 





se 0000004 


АТ-О | AGO A5-O A3-O | AZO А1-0 
Figure 11. 8-Bit PSA/COUNT Configuration (OEA z 1, OEB z 0) 
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timing description 


All test operations of the 'ABT8245 are synchronous to TCK. Data on the TDI, TMS, and normal-function inputs 
is captured on the rising edge of TCK. Data appears on the TDO and normal-function output pins on the falling 
edge of TCK. The TAP controller is advanced through its states (as illustrated in Figure 1) by changing the value 
of TMS on the falling edge of TCK and then applying a rising edge to TCK. 


A simple timing example is shown in Figure 12. In this example, the TAP controller begins in the 
Test-Logic-Reset state and is advanced through its states as necessary to perform one instruction-register scan 
and one data-register scan. While in the Shift-IR and Shift-DR states, TDI is used to input serial data, and TDO 
is used to output serial data. The TAP controller is then returned to the Test-Logic-Reset state. Table 5 explains 
the operation of the test circuitry during each TCK cycle. 


, 


Table 5. Explanation of Timing Example 

















TCK TAP STATE 
CYCLE(S) | AFTER TCK DESCRIPTION 
: TMS is changed to a logic 0 value on the falling edge of TCK to begin advancing the TAP controller toward 
вж Test-Logic-Reset | the desired state. 
x z | numas ООО 
Оз  [SsebR&e | 52227 
[ «4 sansa | 2.7 
Capture-IR The IR captures the 8-bit binary value 10000001 on the rising edge of TCK as the TAP controller exits the 
ерше Capture-IR state. 
Shift-IR TDO becomes active and TDI is made valid on the falling edge of TCK. The first bit is shifted into the TAP on 
the rising edge of TCK as the TAP controller advances to the next state. 
One bit is shifted into the IR on each TCK rising edge. With TDI held at a logic 1 value, the 8-bit binary value 
7-13 Shift-IR 11111111 is serially scanned into the IR. Atthe same time, the 8-bit binary value 10000001 is serially scanned 
out of the IR via TDO. In TCK cycle 13, TMS is changed to a logic 1 value to end the IR scan on the next TCK 
cycle. The last bit of the instruction is shifted as the TAP controller advances from Shift-IR to Exit1-IR. 
| 14 | ER | TDO becomes inactive (goes to the high-impedance state) on the falling edge of TCK. 
` Update-IR The IR is updated with the new instruction (BYPASS) on the falling edge of TCK. 
[ 16 оо 
The bypass register captures a logic 0 value on the rising edge of TCK as the TAP controller exits the 
Capture-DR Capture-DR state. 
18 Shift-DR ТОО becomes active and TDI is made valid on the falling edge of ТСК. The first bit is shifted into the TAP on 
the rising edge of TCK as the TAP controller advances to the next state. 
| 19-20 |  Shit-bR Ç | The binary value 101 is shifted in via TDI, while the binary value 010 is shifted out ма TDO. 





[= | Eton  [ToObecomesimade(goestomeNgimpedancesatontetalingedpeoTCK. — | 
[22 | Update-DR [in general, ne selected data register is updated with the new data on the fling edge TOK. | 
“з ЕЕ пп 
а | — — _ C C CC C C C C C C 
25  [TesiegeReser|Tewopemoncompd — Killi 
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 


TMS | | | | | | 





TDI 
TDO 
то |Е | с | с сісісі|с с сішісіс!|% 
às 3 i = :|%|8(4 [=] 1191815 8 
с | 3 | 4 5 Е Е|з 9 [2 Е Е|8|2|418 
АР 5 | о [Е | |5 ос | з = ~ | о | | с |: 
T 2 ка | е o u е а a o Ш 2 а |= А 
Controller} 8 | Е | 5 | 5 |ó 1518 5:59 
State | 2 Е 9$ $ |° рш 
$ 8 |? ó 80 |5 
- - 


К 3-State (ТОО) or Don't Care (TDI) 
Figure 12. Timing Example 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 


Supply voltage range, Мас: este etna tees cs dare t WERE ыы Cee RE NRE Roe на TE -0.5Vto7V 
Input voltage range, VI (except I/O ports) (see Note 1) .................................. -0.5Vto7V 
Input voltage range, Vj (I/O ports) (see Note 1) ....................................... -0.5 V to 5.5 V 
Voltage range applied to any output in the high state or power-off state, Vo .............. —0.5 Vto 5.5 V 
Current into any output in the low state, lo: $№54АВТ8245 ................................... 96 mA 

ӘМТААВТВӘАВ “ааа ee да қаза быны: 128 mA 
Input clamp current, lk (V< 0) ........................................................... -18 ПА 
Output clamp current, юк (Мо <0) ............................... КООРУ СООТ .. -50mA 
Maximum power dissipation at TA = 55°C (in still air) (see Note 2): DW package .................. 1.7W 
Storage temperature range, Тад ................................ е —65°С to 150°C 


T Stresses beyond those listed under “absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1. The input and output negative-voltage ratings can be exceeded if the input and output clamp-current ratings are observed. 

2. The maximum package power dissipation is calculated using a junction temperature of 150°C and a board trace length of 750 mils. 
For more information, refer to the Package Thermal Considerations application note in the ABT Advanced BICMOS Technology Data 
Book, literature number $СВО002. 
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recommended operating conditions (see Note 3) 


SN54ABT8245 | SN74ABT8245 
UNIT 


Усс Supply voltage 

VIH High-level input voltage 

VIL Low-level input voltage 

ү Input voltage 

јон High-level output current 

loL Low-level output current 
At/Av Input transition rise or fall rate 





TA Operating free-air temperature 
NOTE 3: Unused pins (input or I/O) must be held high or low to prevent them from floating. 


electrical characteristics over recommended operating free-air temperature range (unless 


otherwise noted) 
TA = 25°С SN54ABT8245 | SN74ABT8245 
PARAMETER TEST CONDITIONS UNIT 
мы ТУРГ МАХ| мм МАХ] ММ МАХ 
[ vik __|Уос-=457, 1--18тА = аала: mm 













РНИИ ЕЕ pases — [25 j 
усе эша i — о. 
Мон 
үш Леа rs үс = 
МСС ЕЭМ. Моне ЗЕТА ЕСЕНИН CU U C US GNE! 
с-з сан x s| ов _____ 
VOL V 
ЗОО КЕН ots x | E 
Voc =5.5 V, DROETC ft, 
Viz Voc or GND 


їн ___|уос=65%  w-vgg |m wes — | — o| — | [эл 
| ш |Усс=55М Vj=GND | TDI, TMS -40 -160| -40  -160| -40 -16 









1021 Voc = 5.5 V, Мо = 0.5 V 


Съ | 
Сао [A | 
|0 Pu 

5 

Lm | 

ве | 


+1 
0 


iozpp |Усс-2У0. Vo-05Vor27V 


Voo=0,___WiorVos45V ио || 








Voc = 5.5 V, 
lo = 0, 


Vi = Усс or GND Outputs disabled 


Одрин | 09 2| 2|  ?| 

тав 0 з — s| 88] 

din | o 2| 2.2) 

Voc = 5.5 V, One input at 3.4 V, 

Other inputs at Усс or GND 

[ а |М-25уогову стати | — 3 | Г 
Мо-26Уогову добри | — — 1 j| j] | 


Vo =2.5 V or 0.5 V 


* On products compliant to MIL-PRF-38535, this parameter does not apply. 

t All typical values are at Vcc = 5 V. 

+ The parameters (отн and [02] include the input leakage current. 

Š Not more than one output should be tested at a time, and the duration of the test should not exceed 1 second. 

T This is the increase in supply current for each input that is at the specified TTL voltage level rather than Усс or GND. 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (test mode) (see Figure 13) 


fio Clock frequency 
w Pulse duration TCK high or low 
d 








t 
tu Setup time 
во новите 


Power upto TCK 
yv Т 


* On products compliant to MIL-PRF-38535, this parameter is not production tested. 






switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (normal mode) (see Figure 13) 


| SN54ABT8245 
FROM TO Усс =5М, 
PARAMETER (INPUT) (OUTPUT) ТА = 25°С TIT 
MIN ТҮР МАХ 
{РЕН 2 35 46| 2 58 
B 
IPzH | 25 45 58| 25 69| 
B 
!PZL о | вл ___ 9 2-208 
| 3 55 6] 3 8| 


switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (normal mode) (see Figure 13) 


SN74ABT8245 
FROM TO Voc =5V, 
PARAMETER (INPUT) (OUTPUT) TA = 25°C 
ММ ТҮР MAX 

| 2 35 43| 2 48 
| 2 34 421 2 51 
= zs as 86] 25 вв] 
| 3 52 06 3 75 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (test mode) and Figure 1 — 


| SNS4ABT8245 | 
FROM TO УСС 25 V, 
PARAMETER (INPUT) (OUTPUT) ES d 25°C 
Te лді MAX 


Стаи TCKL AorB 
| рн | Сирени 


ен [2s 4s ва #57 
TCKL 
= —— Es 


t 
PzH ток} 
tPZL 


45 125 
БИЕГЕ 





switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (test mode) (cod Figure 13) 


TO SN74ABT8245 


(OUTPUT) Voc = 5V, 
TO ТА = 25°C 
(OUTPUT) MN ТҮР MAX 


— “= Е ЕСЕН 


eC ee TCK! AorB 
Не — 


= — 
PH ë 


PARAMETER 


45 82  95| 45 12 
ae oT TCKL AorB 
|____ Ба O 4.5 9 1051 45 13) 
5.5 5} зы s 
p TCKL 
[| рд | 25 49 
105| 35 135 
= TCKL AorB 
Е ЖИЕГИ 
| з 59 7| 3 85 
= тск! тоо 
реса 
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PARAMETER MEASUREMENT INFORMATION 


gt 


From Output 
Under Test 


Сі = 50 pF 
(see Note A) 


GND 






500 Q 


Io 


LOAD CIRCUIT 


| i | 
| | 
Input 1.5V 


0v 


VOLTAGE WAVEFORMS 
PULSE DURATION 


Input ae 
1.5V 


| | di 


(РЕН + «—1- tPHL 


| 
| | — —— Мон 
| 15V | 1.5 V 
| | VoL 
tPHL —4—3À «> 'PLH 


| | Мон 
№ 15V Z 15V 
——-— VoL 


VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 
INVERTING AND NONINVERTING OUTPUTS 


Output 


Output 


NOTES: A. Сү includes probe and jig capacitance. 


O Open 


Timing Input 


Data Input 


Output 
Control 


Output 
Waveform 1 
S1at7V 
(see Note B) 


Output 
Waveform 2 
$1 at Open 
(seo Note B) 


tPLH/tPHL 


tPLZ/tPZL 
tpHz/tpZH 





——————-— 3v 
1.5 V 
|“-------------- оу 
| | | 
| tsu | th | 
| | 3v 
0v 
VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 
3v 
1.5 V 1.5 V 
| | оу 
52-ы | | | 
| | tz —+ 
- | iss 3 y 3.5 У 
| K" | f VoL «03v 
| 227-52-77 MOL 
| | tpHz > 
їр2н Юу €- d 
| ЗОН 
15V Уон -0.3V 
~ ОМ 
VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 


LOW- AND HIGH-LEVEL ENABLING 


B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

C. Allinput pulses are supplied by generators having the following characteristics: PRR < 10 MHz, Zo = 50 О, tr < 2.5 ns, # < 2.5 ns. 

D. The outputs are measured one at a time with one transition per measurement. 


Figure 13. Load Circuit and Voltage Waveforms 
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@ Members of the Texas Instruments SN54ABT8543... JT PACKAGE 
SCOPE™ Family of Testability Products а “= DW PACKAGE 


е Compatible With the IEEE Standard 
1149.1-1990 (JTAG) Test Access Port and 
Boundary-Scan Architecture 


@ Functionally Equivalent to "Е543 and 
"АВТ543 in the Normal-Function Mode 


Ф SCOPE" Instruction Set 

— IEEE Standard 1149.1-1990 Required 
Instructions, Optional INTEST, CLAMP, 
and HIGHZ 

— Parallel-Signature Analysis at Inputs 
With Masking Option 

— Pseudo-Random Pattern Generation 
From Outputs 

— Sample Inputs/Toggle Outputs 

— Binary Count From Outputs 

— Even-Parity Opcodes 


€ Two Boundary-Scan Cells Per /О for | 
Greater Flexibility 5М54АВТ8543...ҒК PACKAGE 


€ State-of-the-Art EPIC-IIB™ BICMOS Design ыры) 
Significantly Reduces Power Dissipation 

е Package Options Include Plastic 
Small-Outline (DW) and Shrink 
Small-Outiine (DL) Packages, Ceramic Chip 
Carriers (FK), and Standard Ceramic 
DIPs (JT) 





description 


The "АВТ8543 scan test devices with octal 
registered bus transceivers are members of the 
Texas Instruments 5СОРЕ" testability 
integrated-circuit family. This family of devices 
supports IEEE Standard 1149.1-1990 boundary 
scan to facilitate testing of complex circuit-board 
assemblies. Scan access to the test circuitry is 
accomplished via the 4-wire test access port 
(TAP) interface. 


In the normal mode, these devices are functionally equivalent to the F543 and "АВТ543 octal registered bus 
transceivers. The test circuitry can be activated by the TAP to take snapshot samples of the data appearing at 
the device pins or to perform a self-test on the boundary-test cells. Activating the TAP in normal mode does not 
affect the functional operation of the SCOPE?" octal registered bus transceivers. 





SCOPE and EPIC-IIB are trademarks of Texas Instruments Incorporated. | 


PRODUCTION DATA information Is current as of ublleation date. Copyright © 1996, Texas Instruments Incorporated 
ucts conform to specifications per the terms of Texas Instruments On products compliant to MIL-PRF-38535, all parameters are tested 
standard warranty. Production processing does not necessarily Include [ unless otherwise noted. On all other products, production 
testing of all parameters. processing does not necessarily Include testing of all parameters. 
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description (continued) 


Data flow in each direction is controlled by latch-enable (LEAB and LEBA), chip-enable (CEAB and CEBA), and 
output-enable (OEAB and OEBA) inputs. For A-to-B data flow, the device operates in the transparent mode 
when LEAB and CEAB are both low. When either LEAB or CEAB is high, the A data is latched. The B outputs 
are active when OEAB and CEAB are both low. When either OEAB or CEAB is high, the B outputs are in the 
high-impedance state. Control for B-to-A data flow is similar to that for A-to-B, but uses LEBA, CEBA, and OEBA. 


In the test mode, the normal operation of the SCOPE™ registered bus transceiver is inhibited and the test 
circuitry is enabled to observe and control the I/O boundary of the device. When enabled, the test circuitry 
performs boundary-scan test operations as described in IEEE Standard 1149.1-1990. 























Four dedicated test pins control the operation of the test circuitry: test data input (TDI), test data output (TDO), 
test mode select (TMS), and test clock (TCK). Additionally, the test circuitry performs other testing functions 
such as parallel-signature analysis (PSA) on data inputs and pseudo-random pattern generation (PRPG) from 
data outputs. All testing and scan operations are synchronized to the TAP interface. 


The SN54ABT8543 is characterized for operation over the full military temperature range of -55°C to 125°C. 
The SN74ABT8543 is characterized for operation from —40°С to 85°C. 


FUNCTION TABLET 
(normal mode, each register) 


INPUTS OUTPUT 





T A-to-B data flow is shown. B-to-A data flow is similar but 
uses CEBA, OEBA, and LEBA. 

+ Output level before the indicated steady-state input 
conditions were established 
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functional block diagram 





Boundary-Scan Register 






> 
= 
^ 







One of Elght Channels 


Bypass Register 
B и 
Register 

Мес = 4 
трі 36 ЊЕ . Instruction Register 

Vec 
TMs 14 > 

ТАР 
> Controller 


Pin numbers shown are for the DL, DW, and JT packages. 
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Terminal Functions 


TERMINAL 
NAME DESCRIPTION 


А1-А8 Normal-function A-bus 1/O ports. See function table for normal-mode logic. 
Normal-function B-bus /О ports. See function table for normal-mode logic. 


Normal-function chip-enable inputs. See function table for normal-mode logic. ` 
| GND — | Grund O 


1 
B, CEBA 
B,LEBA | Normal-function latch-enable inputs. See function table for normal-mode logic. 
B, OEBA | Normal-function output-enable inputs. See function table for normal-mode logic. 
TCK 
TDI 

DO 

MS 

CC 











NEN Test clock. One of four terminals required by IEEE Standard 1149.1-1990. Test operations of the device are synchronous to 





TCK. Data is captured on the rising edge of TCK, and outputs change on the falling edge of TCK. 





Test data input. One of four terminals required by IEEE Standard 1149.1-1990. TDI is the serial input for shifting data through 







the instruction register or selected data register. An internal pullup forces TDI to a high level if left unconnected. 


CEA 
LEA 
OEA 
Test data output. One of four terminals required by IEEE Standard 1149.1-1990. TDO is the serial output for shifting data 





through the instruction register or selected data register. 







Test mode select. One of four terminals required by IEEE Standard 1149.1-1990. TMS directs the device through its 
controller states. An internal pullup forces TMS to a high level if left unconnected. 


Supply voltage 





T TAP 





V 
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test architecture 


Serial-test information is conveyed by means of a 4-wire test bus or TAP, that conforms to IEEE Standard 
1149.1-1990. Test instructions, test data, and test control signals all are passed along this serial-test bus. The 
TAP controller monitors two signals from the test bus, TCK and TMS. The TAP controller extracts the 
synchronization (TCK) and state control (TMS) signals from the test bus and generates the appropriate on-chip 
control signals for the test structures in the device. Figure 1 shows the TAP-controller state diagram. 


The TAP controller is fully synchronous to the TCK signal. Input data is captured on the rising edge of TCK and 
output data changes on the falling edge of TCK. This scheme ensures that data to be captured is valid for fully 
one-half of the TCK cycle. 


The functional block diagram shows the IEEE Standard 1149.1-1990 4-wire test bus and boundary-scan 
architecture and the relationship among the test bus, the TAP controller, and the test registers. As shown, the 
device contains an 8-bit instruction register and three test-data registers: a 40-bit boundary-scan register, an 
11-bit boundary-control register, and a 1-bit bypass register. 


Test-Logic-Reset 





TMS=H 






Run-Test/ldle 


Select-IR-Scan 


TMS = L 


Capture-IR 


x 


Select-DR-Scan 
Capture-DR 










TMS = L 





Pause-DR 





Figure 1. TAP-Controller State Diagram 
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The TAP controller is a synchronous finite state machine that provides test control signals throughout the device. 
The state diagram shown in Figure 1 is in accordance with IEEE Standard 1149.1-1990. The TAP controller 
proceeds through its states based on the level of TMS at the rising edge of TCK. 


As shown, the TAP controller consists of 16 states. There are six stable states (indicated by a looping arrow in 
the state diagram) and ten unstable states. A stable state is a state the TAP controller can retain for consecutive 
TCK cycles. Any state that does not meet this criterion is an unstable state. 


There are two main paths through the state diagram: one to access and contro! the selected data register and 
one to access and control the instruction register. Only one register can be accessed at a time. 


Test-Logic-Reset 


The device powers up in the Test-Logic-Reset state. In the stable Test-Logic-Reset state, the test logic is reset 
and is disabled so that the normal logic function of the device is performed. The instruction register is reset to 
an opcode that selects the optional IDCODE instruction, if supported, or the BYPASS instruction. Certain data 
registers also can be reset to their power-up values. 


The state machine is constructed such that the TAP controller returns to the Test-Logic-Reset state in no more 
than five TCK cycles if TMS is left high. The TMS pin has an internal pullup resistor that forces it high if left 
unconnected or if a board defect causes it to be open circuited. 


For the 'ABT8543, the instruction register is reset to the binary value 11111111, which selects the BYPASS 
instruction. Each bit in the boundary-scan register is reset to logic 0. The boundary-control register is reset to 
the binary value 00000000010, which selects the PSA test operation with no input masking. 


Run-Test/Idle 


The TAP controller must pass through the Run-Test/Idle state (from Test-Logic-Reset) before executing any test 
operations. The Run-Test/Idle state also can be entered following data-register or instruction-register scans. 
Run-Testldle is a stable state in which the test logic can be actively running a test or can be idle. 


The test operations selected by the boundary-control register are performed while the TAP controller is in the 
Run-Test/ldle state. 


Select-DR-Scan, Select-IR-Scan 


No specific function is performed in the Select-DR-Scan and Select-IR-Scan states, and the TAP controller exits 
either of these states on the next TCK cycle. These states allow the selection of either data-register scan or 
instruction-register scan. 


Capture-DR 


When a data-register scan is selected, the TAP controller must pass through the Capture-DR state. In the 
Capture-DR state, the selected data register can capture a data value as specified by the current instruction. 
Such capture operations occur on the rising edge of TCK, upon which the TAP controller exits the 
Capture-DR state. 


Shift-DR 


Upon entry to the Shift-DR state, the data register is placed in the scan path between TDI and TDO and, on the 
first falling edge of TCK, TDO goes from the high-impedance state to an active state. TDO enables to the logic 
level present in the least-significant bit of the selected data register. 


While in the stable Shift-DR state, data is serially shifted through the selected data register on each TCK cycle. 
The first shift occurs on the first rising edge of TCK after entry to the Shift-DR state (i.e., no shifting occurs during 
the TCK cycle in which the TAP controller changes from Capture-DR to Shift-DR or from Exit2-DR to Shift-DR). 
The last shift occurs on the rising edge of TCK, upon which the TAP controller exits the Shift-DR state. 
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Exit1-DR, Exit2-DR 


The Exiti-DR and Exit2-DR states are temporary states that end a data-register scan. It is possible to return 
to the Shift-DR state from either Exit1-DR or Exit2-DR without recapturing the data register. 


On the first falling edge of TCK after entry to Exit1-DR, TDO goes from the active state to the 
high-impedance state. 


Pause-DR 


No specific function is performed in the stable Pause-DR state, in which the TAP controller can remain 
indefinitely. The Pause-DR state suspends and resumes data-register scan operations without loss of data. 


Update-DR 


If the current instruction calls for the selected data register to be updated with current data, then such update 
occurs on the falling edge of TCK, following entry to the Update-DR state. 


Capture-IR 


When an instruction-register scan is selected, the TAP controller must pass through the Capture-IR state. In 
the Capture-IR state, the instruction register captures its current status value. This capture operation occurs 
on the rising edge of ТСК, upon which the TAP controller exits the Capture-IR state. 


For the 'ABT8543, the status value loaded in the Capture-IR state is the fixed binary value 10000001. 
Shift-IR 


Upon entry to the Shift-IR state, the instruction register is placed in the scan path between TDI and TDO and, 
on the first falling edge of TCK, TDO goes from the high-impedance state to an active state. TDO enables to 
the logic level present in the least-significant bit of the instruction register. 


While in the stable Shift-IR state, instruction data is serially shifted through the instruction register on each TCK 

cycle. The first shift occurs on the first rising edge of TCK after entry to the Shift-IR state (i.e., no shifting occurs 

during the TCK cycle in which the TAP controller changes from Capture-IR to Shift-IR or from Exit2-IR to 

Shift-IR). The last shift occurs on the rising edge of TCK, upon which the TAP controller exits the Shift-IR state. 
Exit1-IR, Exit2-IR 

The Exit1-IR and Exit2-IR states are temporary states that end an instruction-register scan. It is possible to 

return to the Shift-IR state from either Exit1-IR or Exit2-IR without recapturing the instruction register. 


On the first falling edge of ТСК after entry to Exiti-IR, ТОО goes from the active state to the 
high-impedance state. 


Pause-IR 


No specific function is performed in the stable Pause-IR state, in which the TAP controller can remain 
indefinitely. The Pause-IR state suspends and resumes instruction-register scan operations without loss 
of data. 


Update-IR 


The current instruction is updated and takes effect on the falling edge of TCK, following entry to the 
Update-IR state. 
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register overview 


With the exception of the bypass register, any test register can be thought of as a serial-shift register with a 
shadow latch on each bit. The bypass register differs in that it contains only a shift register. During the 
appropriate capture state (Capture-IR for instruction register, Capture-DR for data registers), the shift register 
can be parallel loaded from a source specified by the current instruction. During the appropriate shift state 
(Shift-IR or Shift-DR), the contents of the shift register are shifted out from TDO while new contents are shifted 
in at TDI. During the appropriate update state (Update-IR or Update-DR), the shadow latches are updated from 
the shift register. 


instruction register description 


The instruction register (IR) is eight bits long and tells the device what instruction is to be executed. Information 
contained in the instruction includes the mode of operation (either normal mode, in which the device performs 
its normallogic function, ortest mode, in which the normal logic function is inhibited or altered), the test operation 
to be performed, which of the three data registers is to be selected for inclusion in the scan path during 
data-register scans, and the source of data to be captured into the selected data register during Capture-DR. 


Table 3 lists the instructions supported by the 'ABT8543. The even-parity feature specified for SCOPE™ devices 
is supported in this device. Bit 7 of the instruction opcode is the parity bit. Any instructions that are defined for 
SCOPE?" devices but are not supported by this device default to BYPASS. 


During Capture-IR, the IR captures the binary value 10000001. As an instruction is shifted in, this value is shifted 
out via TDO and can be inspected as verification that the IR is in the scan path. During Update-IR, the value 
that has been shifted into the IR is loaded into shadow latches. At this time, the current instruction is updated, 
and any specified mode change takes effect. At power up or in the Test-Logic-Reset state, the IR is reset to the 
binary value 11111111, which selects the BYPASS instruction. The IR order of scan is shown in Figure 2. 


Bit 7 
TDI Parlty ( gue TDO 
(MSB) (LSB) 


Figure 2. Instruction Register Order of Scan 


data register description 


boundary-scan register 


The boundary-scan register (BSR) is 40 bits long. It contains one boundary-scan cell (BSC) for each 
normal-function input pin, two BSCs for each normal-function I/O pin (one for input data and one for output data), 
and one BSC for each ofthe internally decoded output-enable signals (OEA and OEB). The BSR is usedto store 
test data that is to be applied internally to the inputs of the normal on-chip logic and/or externally to the device 
output pins, and/or to capture data that appears internally at the outputs of the normal on-chip logic and/or 
externally at the device input pins. 


The source of data to be captured into the BSR during Capture-DR is determined by the current instruction. The 
contents of the BSR can change during Run-Test/Idle as determined by the current instruction. At power up or 
in Test-Logic-Reset, the value of each BSC is reset to logic 0. 


When external data is to be captured, the BSCs for signals OEA and OEB capture logic values determined by 
the following positive-logic equations: OEA = OEBA + CEBA, and OEB = OEAB + CEAB. When datais to 
be applied externally, these BSCs control the drive state (active or high-impedance) of their respective outputs. 


The BSR order of scan is from TDI through bits 39-0 to TDO. Table 1 shows the BSR bits and their associated 
device pin signals. 
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Table 1. Boundary-Scan Register Configuration 


NUMBER SIGNAL NUMBER SIGNAL NUMBER SIGNAL NUMBER SIGNAL NUMBER SIGNAL 
за | om | ме | wo | а | en | s | во | 
[ w | бела | => | | = | мој з | ва | в | sco | 


[so | eem е | asr_| 2 | то | z | ва | + | во 
Ce ums [ox o | | mo [| ва [3 | во | 
ива | 2 | xe | s | mo | ш | ва | 2 | во | 
о | eee | s | им | r | mo ° | ва | 1 | mo | 
[x em | 2 [лз | s | мо | s | вам | о | во | 





boundary-control register 
The boundary-control register (BCR) is 11 bits long. The BCR is used in the context of the RUNT instruction to 
implement additional test operations not included in the basic SCOPE™ instruction set. Such operations include 
PRPG, PSA with input masking, and binary count up (COUNT). Table 4 shows the test operations that are 
decoded by the BCR. 


During Capture-DR, the contents of the BCR are not changed. At power up or in Test-Logic-Reset, the BCR is 
reset to the binary value 00000000010, which selects the PSA test operation with no input masking. 


The BCR order of scan is from TDI through bits 10-0 to ТОО. Table 2 shows the BCR bits and their associated 
test control signals. 


Table 2. Boundary-Control Register Configuration 


TEST ES EST 
РЕВЕ CONTROL SONT 

SIGNAL SIGNAL SIGNAL 
Го | wee | s | maska | 2 [92600 | 
[s | wee | s | wee | + | оғбов | 
[a | wee | + | wee | o [ OPCODEO | 


[7 | mse |" а [меке | — | — 









bypass register 


The bypass register is a 1-bit scan path that can be selected to shorten the length of the system scan path, 
thereby reducing the number of bits per test pattern that must be applied to complete a test operation. During 
Capture-DR, the bypass register captures a logic 0. The bypass register order of scan is shown in Figure 3. 


TDI » TDO 


Figure 3. Bypass Register Order of Scan 
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instruction-register opcode description 


The instruction-register opcodes are shown in Table 3. The following descriptions detail the operation of 
each instruction. 


Table 3. Instruction-Register Opcodes 


BINARY CODET 
BIT 7 — ВТО SCOPE OPCODE DESCRIPTION SELECTED DATA 
REGISTER 
MSB — LSB | 


00000000 — | —EXTESTINTEST 
1000900; ври | — — Bypassscan | бмв | Мота | 
























[10000010 — | SAWPLEPRELOAD | — Sampebemday — — | Boundary san | Мота | 
[сои | 5775 | Ву | ае | Noma | 
[ 10:0 | ӘР” | — — ааа, [Вә з — [ Normal — 
[exor | READBN [Болу — — | Bouncary scan | Noma 
тото — | Scano — | Boundary-contot register scan — | Boundary contro! | мота | 


t Bit 7 is used to maintain even parity in the 8-bit instruction. 
t The BYPASS instruction is executed in lieu of a SCOPE" instruction that is not supported in the 'ABT8543. 


boundary scan 


This instruction conforms to the IEEE Standard 1149.1-1990 EXTEST and INTEST instructions. The BSR is 
selected in the scan path. Data appearing at the device input pins is captured in the input BSCs, while data 
appearing at the outputs of the normal on-chip logic is captured in the output BSCs. Datathat has been scanned 
into the input BSCs is applied to the inputs of the normal on-chip logic, while data that has been scanned into 
the output BSCs is applied to the device output pins. The device operates in the test mode. 


bypass scan 


This instruction conforms to the IEEE Standard 1149.1-1990 BYPASS instruction. The bypass register is 
selected in the scan path. A logic 0 value is captured in the bypass register during Capture-DR. The device 
operates in the normal mode. 


sample boundary 


This instruction conforms to the IEEE Standard 1149.1-1990 SAMPLE/PRELOAD instruction. The BSR is 
selected in the scan path. Data appearing at the device input pins is captured in the input BSCs, while data 
appearing at the outputs of the normal on-chip logic is captured in the output BSCs. The device operates in the 
normal mode. 
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contro! boundary to high impedance 


This instruction conforms to the IEEE Standard 1149.1a-1993 HIGHZ instruction. The bypass register is 
selected in the scan path. A logic 0 value is captured in the bypass register during Capture-DR. The device 
operates in a modified test mode in which а! device I/O pins are placed in the high-impedance state, the device 
input pins remain operational, and the normal on-chip logic function is performed. 


control boundary to 1/0 


This instruction conforms to the IEEE Standard 1149.1a-1993 CLAMP instruction. The bypass register is 
selected in the scan path. A logic 0 value is captured in the bypass register during Capture-DR. Data in the input 
BSCs is applied to the inputs of the normal on-chip logic, while data in the output BSCs is applied to the device 
output pins. The device operates in the test mode. 


boundary run test 


The bypass register is selected in the scan path. A logic 0 value is captured in the bypass register during 
Capture-DR. The device operates in the test mode. The test operation specified in the BCR is executed during 
Run-Test/Idle. The five test operations decoded by the BCR are: sample inputs/toggle outputs (TOPSIP), 
PRPG, PSA, simultaneous PSA and PRPG (PSA/PRPG), and simultaneous PSA and binary count up 
(PSA/COUNT). 


boundary read 


The BSR is selected in the scan path. The value in the BSR remains unchanged during Capture-DR. This 
instruction is useful for inspecting data after a PSA operation. 


boundary self test 


The BSR is selected in the scan path. All BSCs capture the inverse of their current values during Capture-DR. 
In this way, the contents of the shadow latches can be read out to verify the integrity of both shift-register and 
shadow-latch elements of the BSR. The device operates in the normal mode. 


boundary toggle outputs 


The bypass register is selected in the scan path. A logic 0 value is captured in the bypass register during 
Capture-DR. Data in the shift-register elements of the selected output BSCs is toggled on each rising edge of 
ТСК in Run-Test/idle, updated in the shadow latches, and applied to the associated device output pins on each 
falling edge of ТСК in Run-Test/Idle. Data in the selected input BSCs remains constant and is applied to the 
inputs of the normal on-chip logic. Data appearing at the device input pins is not captured in the input BSCs. 
The device operates in the test mode. 


boundary-control-register scan 


The BCR is selected in the scan path. The value in the BCR remains unchanged during Capture-DR. This 
operation must be performed before a boundary-run test operation to specify which test operation is to 
be executed. 
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boundary-control-register opcode description 


The BCR opcodes are decoded from BCR bits 2—0 as shown in Table 4. The selected test operation is performed 
while the RUNT instruction is executed in the Run-Test/Idle state. The following descriptions detail the operation 
of each BCR instruction and illustrate the associated PSA and PRPG algorithms. 


Table 4. Boundary-Control Register Opcodes 


BINARY CODE 
BIT 2 — ВІТ 0 DESCRIPTION 
MSB > LSB 


X00 Sample inputs/toggle outputs (TOPSIP) 


хо 
xu 
on 


In general, while the control input BSCs (bits 39-32) are not included in the sample, toggle, PSA, PRPG, or 
COUNT algorithms, the output-enable BSCs (bits 39-38 of the BSR) do control the drive state (active or high 
impedance) of the selected device output pins. These BCR instructions are valid only when the device is 
operating in one direction of data flow (that is, ОЕА z ОЕВ). Otherwise, the bypass instruction is operated. 





PSA input masking 


Bits 10-3 of the BCR specify device input pins to be masked from PSA operations. Bit 10 selects masking for 
device input pin A8 during A-to-B data flow or for device input pin B8 during B-to-A data flow. Bit 3 selects 
masking for device input pins АТ or B1 during A-to-B or B-to-A data flow, respectively. Bits intermediate to 10 
and 3 mask corresponding device input pins, in order, from most significant to least significant, as indicated in 
Table 3. When the mask bit that corresponds to a particular device input has a logic 1 value, the device input 
pin is masked from any PSA operation, i.e., the state of the device input pin is ignored and has no effect on the 
generated signature. Otherwise, when a mask bit has a logic 0 value, the corresponding device input is not 
masked from the PSA operation. 


sample inputs/toggle outputs (TOPSIP) 


Data appearing at the selected device input pins is captured in the shift-register elements of the selected BSCs 
on each rising edge of TCK. This data is updated in the shadow latches of the selected input BSCs and applied 
to the inputs of the normal on-chip logic. Data in the shift-register elements of the selected output BSCs is 
toggled on each rising edge of TCK, updated in the shadow latches, and applied to the associated device output 
pins on each falling edge of TCK. 
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pseudo-random pattern generation (PRPG) 


A pseudo-random pattern is generated in the shift-register elements of the selected BSCs on each rising edge 
of TCK, updated in the shadow latches, and applied to the associated device output pins on each falling edge 
of TCK. This data also is updated in the shadow latches of the selected input BSCs and applied to the inputs 
of the normal on-chip logic. Figures 4 and 5 show the 16-bit linear-feedback shift-register algorithms through 
which the patterns are generated. An initial seed value should be scanned into the BSR before performing this 
operation. A seed value of all zeroes does not produce additional patterns. 


АВА АТ-І Аб-1 А5-1 А4-І АЗ-) А2-1 А1-І 





5 


B8-O B7-O B6-O B5-O B4O B3-0 B2-O B1-O 
Figure 4. 16-Bit PRPG Configuration (OEA = 0, OEB = 1) 





Ф > A8-O А7-О A6-O А5-О A4-0 АЗ-О А2-О А1-О 


Figure 5. 16-Bit PRPG Configuration (OEA=1, OEB= 0) 
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parallel-signature analysis (PSA) 


Data appearing at the selected device input pins is compressed into a 16-bit parallel signature in the 
shift-register elements of the selected BSCs on each rising edge of TCK. This data is updated in the shadow 
latches of the selected input BSCs and applied to the inputs of the normal on-chip logic. Data in the shadow 
latches of the selected output BSCs remains constant and is applied to the device outputs. Figures 6 and 7 show 
the 16-bit linear-feedback shift-register algorithms through which the signature is generated. An initial seed 
value should be scanned into the BSR before performing this operation. 


Ав8-І АТ-1 ` А6-1 А5- A+ АЗ-І А2- А1-1 


МАЗКХ 


МАЗКХ 





Figure 7. 16-Bit PSA Configuration (OEA = 1, OEB = 0) 
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simultaneous PSA and PRPG (PSA/PRPG) 


Data appearing at the selected device input pins is compressed into an 8-bit parallel signature in the 
shift-register elements of the selected input BSCs on each rising edge of TCK. This data is updated in the 
shadow latches of the selected при! BSCs and applied to the inputs of the normal on-chip logic. At the same 
time, an 8-bit pseudo-random pattern is generated in the shift-register elements of the selected output BSCs 
on each rising edge of TCK, updated in the shadow latches, and applied to the associated device output pins 
on each falling edge of TCK. Figures 8 and 9 show the 8-bit linear-feedback shift-register algorithms through 
which the signature and patterns are generated. An initial seed value should be scanned into the BSR before 
performing this operation. A seed value of all zeroes does not produce additional patterns. 


АВА AT-l А6-І А5-І А4-1 АЗ-1 А2-1 А141 





Ф > вео вто во  B5O во B30 во ВІО 


Figure 8. 8-ВИ PSA/PRPG Configuration (ОЕА = 0, OEB = 1) 





J > A8-O A7-O A6-O A5-O A4-O A3-O A2-O A1-O 


Figure 9. 8-Bit PSA/PRPG Configuration (OEA = 1, OEB = 0) 
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simultaneous PSA and binary count up (PSA/COUNT) 


Data appearing at the selected device input pins is compressed into an 8-bit parallel signature in the 
shift-register elements of the selected input BSCs on each rising edge of TCK. This data is updated in the 
shadow latches of the selected input BSCs and applied to the inputs of the normal on-chip logic. At the same 
time, an 8-bit binary count-up pattern is generated in the shift-register elements of the selected output BSCs 
on each rising edge of TCK, updated in the shadow latches, and applied to the associated device output pins 
on each falling edge of TCK. The shift-register elements of the opposite output BSCs count carries out of the 
selected output BSCs, extending the count to 16 bits. Figures 10 and 11 show the 8-bit linear-feedback 
shift-register algorithms through which the signature is generated. An initial seed value should be scanned into 
the BSR before performing this operation. 


А8-1 А7-1 А6-І А5-1 А4-1 АЗ-1 А2-1 А1-1 


МА5КХ 





B8-O B2-0 в1-О 
Figure 10. 8-Bit PSA/COUNT Configuration (OEA = 0, OEB = 1) 


‚> 10000000 


МА5КХ 





p | Сопопоос 


AT-O А6-О А5-О АЗ-О А2-0 
Figure 11. 8-ВИ PSA/COUNT Configuration (ОЕА = 1, OEB = 0) 
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All test operations of the 'ABT8543 are synchronous to TCK. Data on the TDI, TMS, and normal-function inputs 
is captured on the rising edge of TCK. Data appears on the TDO and normal-function output pins on the falling 
edge of TCK. The TAP controller is advanced through its states (as shown in Figure 1) by changing the value 
of TMS on the falling edge of TCK and then applying a rising edge to TCK. | 


A simple timing example is shown in Figure 12. In this example, the TAP controller begins in the 
Test-Logic-Reset state and is advanced through its states, as necessary, to perform one instruction-register 
scan and one data-register scan. While in the Shift-IR and Shift-DR states, TDI is used to input serial data, and 
TDO is used to output serial data. The TAP controller is then returned to the Test-Logic-Reset state. Table 5 
details the operation of the test circuitry during each TCK cycle. 


Table 5. Explanation of Timing Example 


тск ТАР ЗТАТЕ 
CYCLE(S) | AFTER ТСК DESCRIPTION 
р TMS is changed to a logic 0 value on the falling edge of ТСК to begin advancing the TAP controller toward 


тар E A 
T | — — 7 


| 2 | 
w 
| _4 | Select-IR-Scan 









Capture-IR The IR captures the 8-bit binary value 10000001 on the rising edge of TCK as the TAP controller exits the 
рше Capture-IR state. 


Shift-IR TDO becomes active and TDI is made valid on the falling edge of TCK. The first bit is shifted into the TAP 
IR 


on the rising edge of TCK as the TAP controller advances to the next state. 


Onebitis shifted into the IR on each TCK rising edge. With TDI held ata logic 1 value, the 8-bit binary value 
14 
17 











11111111 is serially scanned intothe ІА. Atthe same time, the 8-bit binary value 10000001 is serially scanned 
out of the IR via TDO. In TCK cycle 13, TMS is changed to a logic 1 value to end the IR scan on the next 
TCK cycle. The last bit of the instruction is shifted as the TAP controller advances from Shift-IR to Exit1-IR. 


| ЕКПІН | ТОО becomes inactive (goes to the high-impedance state) on the falling edge of ТСК. 
Update-IR The IR is updated with the new instruction (BYPASS) on the falling edge of TCK. 
ы с c e oon 2... 


Capture-DR The bypass register captures a logic 0 value on the rising edge of TCK as the TAP controller exits the 
p'u Capture-DR state. 






TDO becomes active and TD! is made valid on the falling edge of TCK. The first bit is shifted into the TAP 





on the rising edge of TCK as the TAP controller advances to the next state. 


19-20 |  ShitDR | The binary value 101 is shifted in via TDI, while the binary value 010 is shifted out via TDO. 


T 
[22 | Upcate-DR__| In general the selected data register в updated withthe new data on the faling edge oi TCK | 
Оз | мои | пъ 
важи | 2.7 
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1 2 83 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 


их ххх 
55555 KEK ње OS 552 ххх» 





Бо | Е | Е | с c с | Е | Е | с с | Е | Е | Е | 5 
89283 š 213214484) 8 ааа 
с|%:2|91,1915 = Sis | & Š = г $99] 

ТАР 6 |о | с |= o ші | с |3 = x S m шо 
=| F а | + 5 аа а o ul ат | + 

Controller) $ | |е |5|8 >|5|5 5452 

State | |2 | 2 | S ə |° e | 2 | 
= 2 9 ° => 
g| 188 3 58 5 
E F 


Ка 3-State (TDO) ог Don’t Care (ТО!) 
Figure 12. Timing Example 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 


Supply voltage range, VOG .......................................................... —0.5 V to 7 V 
Input voltage range, VI: except I/O ports (see Note 1) .................................. -0.5Vto7 V 
ПО ports (see. Note 1): „а dere we oZ OP E ено -0.5 Vto 5.5 V 

Voltage range applied to any output in the high state or power-off state, Vo .............. -0.5 Vto 5.5 V 
Current into any output in the low state, Io: SNB4ABT8548 .................................... 96 mA 
SN74ABT8543 ................................... 128 mA 

input clamp Current; Te (VE 0) ысы ғысы VAS QUEE e s ed а қар aoe a wate Sea -18 mA 
Output clamp current, lok (Vo <0) .................... бы Vind VERA e edes —50 mA 
Maximum power dissipation at TA = 55°C (іп still air) (see Моје 2): DL package ................... 0.7 W 
DW package .................. 1.7 W 

Storage temperature range, Ту .................:............. ......... —65°С to 150°C 


t Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1. The input and output negative-voltage ratings can be exceeded if the input and output clamp-current ratings are observed. 

2. The maximum package power dissipation is calculated using a junction temperature of 150°C and a board trace length of 750 mils. 
For more information, refer to the Package Thermal Considerations application note in the ABT Advanced BICMOS Technology Data 
Book, literature number SCBD002. 
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recommended operating conditions (see Note 3) 


SN54ABT8543 | SN74ABT8543 
a и 


быз ee EM mM E 

TE E ааа sss ВЕТ 
в а S | па | 
Fio, Сомдвийощиате |а| т 
ПО ЕТ РУО — — оозу 


NOTE 3: Unused pins (input or I/O) must be held high or low to prevent them from floating. 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 














ТА = 25°C 
PARAMETER TEST CONDITIONS 
мм ТУРЕ МАХ] мн мах| мн МАХ, 
ТС ТОО ОЕ ОЕ ОТ ОИ 
Voo=45V, юн | 25 — [8 [| z | 
С юн ОИ 3 су ОЕ —] 
VOH V 
pum | 2 — — | z T J] 
Vcc z45V 
ната 
ТЕСТИИ | — ООС | 
VOL Voc =4.5V oL у 
ат [| oss] — — | oss 
CE, LE, 
сс БУГИ Чосогано 
то,тМ8  [Vcc-58V. — Vi- Voc СЯ ОСТ ОТ | А 
TDI, TMS Voc = 5.5 V, М = GND -40 -160| -40 -160| -40 -160 
on Мостевм __Мозалу | s| — | ыра 
ТТЕ Voo=55V, __Мозову | 
ot осто —wervosssv | — wol м | 
lozPU Voc=0to2V, Vo-05Vor27V 
lop — — |Уос-2У00, Уо-05Уог27У 
icex [Outputs high |Voc-55v. — Vo-ssv — ^. | 850! ____5о| ____5о| „А | 
Voc = 5.5 V, Vo =2.5V -50 -100 -180| -50 -180| -50 -180 


Oupustign ООО 2| e ИТ 


сс | Aor ports foupusiow [2098] — | 38] ma 
Ouputsdsabed | 09 2| — ПОЕТ 


Voc = 5.5 V, One input at 3.4 V, 
Асс" Other inputs at Voc ог GND 19 d 
с Vi = 25 V or 0.5 V r 3 j| j| F 


Gg |Аогвров [Vo=25Vor0sV ЕЕЕ ТЕРЕН T = 
c, mo — |Уо-25/о05У ла cem 


* On products compliant to MIL-PRF-38535, this parameter does not apply. 

T All typical values are at Усс = 5 V. 

t The parameters Іо2ң and lozu include the input leakage current. 

$ Not more than one output should be tested at a time, and the duration of the test should not exceed one second. 

f This is the increase in supply current for each input that is at the specified TTL voltage level rather than Voc or GND. 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (normal mode) (see 


igure 13) 















SN54ABT8543 | SN74ABT8543 
[мм MAX| MN мах | “МТ 
LEAB or LEBA high or low |__з | s | №. 
A betore LEBT or B betore LEBAT | 36 [| 3 | № | 
th Hold time A after LEABT or B after LEBAT | 15 | o5 [| n | 





timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (test mode) (See Figure 13) 


SN54ABT8543 | SN74ABT8543 
[MN MAX | dd 


feck Clock frequency 
w Pulse duration TCK high or low 


t | п) 
A or B or CE or LE or OE before TCKT 
t Setup time TDI before TCKT 
TMS before TCKT 


su [65 ___ 

AorBorCEorLEorOEatterTCKT | 05 | 
h Hold time TDI after TCKT NK NES 
d ЖЕСЕ 
г MEL CASH 

















| | 
TMS after TCKT 
Power up 10 TOKT 
УС power up 


* On products compliant to MIL-PRF-38535, this parameter is not production tested. 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (normal mode) (see Figure 13) 





























| SN54ABT8543 | 
ЕНОМ TO Усс = зе 
РАНАМЕТЕН (INPUT) (OUTPUT) a 25°C 
TYP МАХ 
— 5 P 
| 15 35  44| 15 58| 
| 2 47 56| 2 81 
(PHL | 15 41 5| 15 73 
=e =з Umm 
| 2 47  61| 2 84 
= ЗА Lx 
| 2 52 7T4| 2 76 
СВ | wem | oe ен BEES 





switching characteristics over recommended rong es of supply voltage and operating free-air 
temperature aes otherwise noted) (normal mo де) (see Figure 13) 





| 6М74АВТ8430000 
FROM то Voc = ЕЕ — 
PARAMETER (INPUT) (OUTPUT) ue 25°C 
TYP MAX 
ЕБЕТ: eee 
БП ШЕ СШ БЕГИШ 
за; [2 та 
— = sea 
m Сиера 
ааа в 
= o НЕ и = = жошы” 
2 42172775 
тис шини ест 
[us e| 27 70 
ez | se | s, [P ee 
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switching characteristics over recommended flee of ea) voltage and operating free-air 
see 


temperature (unless otherwise noted) (test mode) Figure 1 


Vec=5V, 
FROM TO соеви SN54ABT8543 | SN74ABT8543 
PARAMETER (INPUT) (OUTPUT) A 
ТУР МАХ EE Ма мас ик мае 


зле = И 
CU EE — = т 







em — ЖЕТШЕ! as вон 
pus" MERI Ces ae os| 2s т] 2565 







ТІ & #5] 45 т 
el ТСК AorB 
PUT as o os| ar 185] as № 
25 43 55| 25 7| 25 65) 
ez ток} TDO 
tPZL 25 49 6| 25 75 








35 84 105] 35  14| 35 13.5 
РН? TCK} AorB 

з s 0s] 3 s| зв 

s эз 7| 5 9| 3 85 
TE току тоо 

37-555 
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PARAMETER MEASUREMENT INFORMATION 


о 7У 







O Open 


From Output 
GND 


Under Test 
Сі = 50 pF 
(see Note A) 


tPLH/tPHL 


tPLZ/tpzL 
tPHZ/lPzH 


Timing Input ШО ТИ 

[Nee ом 

M———— tw ———» k A | 
| | tsu th 


| | зу | | 
| | | 3V 
nput 15V 15V Data Input 1.5V 
0У ом 





І----9 


LOAD CIRCUIT 


VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS 
PULSE DURATION SETUP AND HOLD TIMES 
3V зу 
Output 
| | 0v Control | E | оу 
| | 4» Ра. -» | 
PEH = = kama ыы; 9 _ | Праг Е 
|| МОН неона ву || d 
М Е 
Output | 15V | 15V S1at7V | | VoL + 0.3 V 
| VoL (see Note B) | пет VoL 
мы t 
tPHL > | РН IPZH + len za 
Output | 


———— v 
| | Уон  waveform 2 | Уон-озм ОН 
Output 1.5V 15V $1 а! Open 1.5V Ме 


—-—-— VoL (see Note B) 


VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES ENABLE AND DISABLE TIMES 
INVERTING AND NONINVERTING OUTPUTS LOW- AND HIGH-LEVEL ENABLING 


NOTES: А. Сү includes probe and jig capacitance. 
B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 
C. All input pulses are supplied by generators having the following characteristics: PRR < 10 MHz, Zo = 50 ©, 1 < 2.5 ns, t(€ 2.5 ns. 
D. The outputs are measured one at a time with one transition per measurement. 


Figure 13. Load Circuit and Voltage Waveforms 
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Ф Members of the Texas Instruments SN54ABT8646... JT PACKAGE 





SCOPE™ Family of Testability Products а еа аы PACKAGE 
@ Compatible With the IEEE Standard 
1149.1-1990 (JTAG) Test Access Port and СІКАВ 1 ов CLKBA 
Boundary-Scan Architecture ЗАВ[2 27 П SBA 
9 Functionally Equivalent to 'F646 and DIR[] 3 26] OE 
'ABT646 in the Normal-Function Mode А104 25|] B1 
€ SCOPE" Instruction Set А25 24.182 
— IEEE Standard 1149.1-1990 Required АЗЦ6 — 23] B3 
Instructions, Optional INTEST, CLAMP, GND[ 7 22|] B4 
and HIGHZ A4js 21 Voc 
- Parallel-Signature Analysis at Inputs А509 20) BS 
With Masking Option Aoi — 19 B6 
— Pseudo-Random Pattern Generation А7Ц 11 18 B7 
From Outputs A8l|12 17188 
- Sample Inputs/Toggle Outputs TDOY 13 161 TDI 
- Binary Count From Outputs TMS |] 14 15 ТСК 
- Even-Parity Opcodes 
© Two Boundary-Scan Cells Per I/O for SN54ABT8646 . . . FK PACKAGE 
Greater Flexibility (TOP VIEW) 


© State-of-the-Art EPIC-IIB'" BICMOS Design 
Significantly Reduces Power Dissipation 


© Package Options Include Plastic 
Small-Outline (DW) and Shrink 
Small-Outline (DL) Packages, Ceramic Chip 
Carriers (FK), and Standard Ceramic DIPs 


(JT) 
description 


The 'ABT8646 and scan test devices with octal 
bus transceivers and registers are members ofthe 
Texas Instruments SCOPE™  testability 
integrated-circuit family. This family of devices 
supports IEEE Standard 1149.1-1990 boundary 
scan to facilitate testing of complex circuit-board 
assemblies. Scan access to the test circuitry is 
accomplished via the 4-wire test access port 
(TAP) interface. 


In the normal mode, these devices are functionally equivalent to the 'F646 and 'ABT646 octal bus transceivers 
and registers. The test circuitry can be activated by the TAP to take snapshot samples of the data appearing 
atthe device pins or to perform a self test on the boundary-test cells. Activating the TAP in normal mode does 
not affect the functional operation of the SCOPE™ octal bus transceivers and registers. 





SCOPE and EPIC-IIB are trademarks of Texas Instruments Incorporated. 





PRODUCTION DATA Information Is current as of publication date. Copyright © 1996, Texas Instruments Incorporated 
Products conform to specifications per the terms of Texas Instruments On products compllant to MIL-PRF-38535, all parameters are tested 


standard warranty. Production processing does not necessarily include ә Ti unless otherwise noted. On all other ucts, production 
testing of all parameters. I EXAS processing does not necessarily Include Жү of all parameters. 
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. Transceiver function is controlled by output-enable (OE) and direction (DIR) inputs. When OE is low, the 
transceiver is active and operates in the A-to-B direction when DIR is high or in the B-to-A direction when DIR 
is low. When OE is high, both the A and B outputs are in the high-impedance state, effectively isolating both 
buses. 


Data flow is controlled by clock (CLKAB and CLKBA) and select (SAB and SBA) inputs. Data on the A bus is 
clocked into the associated registers on the low-to-high transition of CLKAB. When SAB is low, real-time A data 
is selected for presentation to the B bus (transparent mode). When SAB is high, stored A data is selected for 
presentation to the B bus (registered mode). The function of the CLKBA and SBA inputs mirrors that of CLKAB 
and SAB, respectively. Figure 1 shows the four fundamenta! bus-management functions that can be performed 
with the 'ABT8646. 


In the test mode, the normal operation of the SCOPE?" bus transceivers and registers is inhibited and the test 
circuitry is enabled to observe and control the I/O boundary of the device. When enabled, the test circuitry 
performs boundary-scan test operations as described in IEEE Standard 1149.1-1990. | 


Four dedicated test pins control the operation of the test circuitry: test data input (TDI), test data output (ТОО), 
test mode select (TMS), and test clock (TCK). Additionally, the test circuitry performs other testing functions 
such as parallel-signature analysis (PSA) on data inputs and pseudo-random pattern generation (PRPG) from 
data outputs. All testing and scan operations are synchronized to the TAP interface. 


The SN54ABT8646 is characterized for operation over the full military temperature range of -55°C to 125°C. 
The SN74ABT8646 is characterized for operation from —40?C to 85°C. | 


FUNCTION TABLE 


; | INPUTS DATA I/O 
OPERATION OR FUNCTION 
DIR CLKAB CLKBA SAB SBA А1-А8 B1-B8 


Input Unspecifiedt Store A, B unspecifiedt 
Unspecifiedt Input 
Input Input Store A and B data 
Input disabled Input disabled 
Output Input Real-time B data to A bus 
Output Input disabled 
Input у Output Real-time A data to B bus 


Input disabled Output Stored A data to B bus 


t The data-output functions can be enabled or disabled by various signals at OE and DIR. Data-input functions are always enabled; i.e., data at 
the bus pins is stored on every low-to-high transition of the clock inputs. 


x x|g| 
> 
x 
x 


X X 
X x x 
H X X X 
L X L 
L X H 
L X 


= 


г г 
хіх хіг >x 
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26 3 1 28 2 27 26 3 1 28 2 27 
OE DIR CLKAB CLKBA ЗАВ SBA OE DIR CLKAB CLKBA ЗАВ SBA 
L L X X X L L H X X L X 
REAL-TIME TRANSFER REAL-TIME TRANSFER 
BUS B TO BUSA BUS АТО BUS B 
a 
o 
2 
tü 
26 3 1 28 2 27 26 3 1 28 2 27 
OE DIR CLKAB CLKBA SAB SBA OE ОВ CLKAB CLKBA ЗАВ SBA 
X X T X X X L L X X X H 
X X X T x x L H x X H X 
H X T T X X 
STORAGE FROM TRANSFER STORED DATA 
A, B, ORAAND B TOAAND/OR B 


Pin numbers shown are for the DL, DW, and JT packages. 


Figure 1. Bus-Management Functions 
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functional block diagram 


Boundary-Scan Register 


One of Eight Channels 


f Bypass Register 
Register ШЕ | 
~ p 18 TDO 
то! -16 > Instruction Register 


TAP 
Controller 








Pin numbers shown for the DL, DW, and JT packages. 
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Terminal Functions 


TERMINAL 
NAME DESCRIPTION 


| DR | Normal-function direction-control input. See function table for normal-mode logic. 
| GND | Ground 
| OE — | Normal-function output-enable input. Seofunciontablefornommakmodelogio. — ° — I I I 


Test clock. One of four terminals required by IEEE Standard 1149.1-1990. Test operations of the device are synchronous 
to TCK. Data is captured on the rising edge of TCK, and outputs change on the falling edge of TCK. 


Test data input. One of four terminals required by IEEE Standard 1149.1-1990. TDI is the serial input for shifting data 
through the instruction register or selected data register. An internal pullup forces TDI to a high level if left unconnected. 


Test data output. One of four terminals required by IEEE Standard 1149.1-1990. TDO is the serial output for shifting data 
through the instruction register or selected data register. 


Test mode select. One of four terminals required by IEEE Standard 1149.1-1990. TMS input directs the device through 
its TAP controller states. An internal pullup forces TMS to a high level if left unconnected. 


Supply voltage 
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test architecture 


Serial-test information is conveyed by means of a 4-wire test bus or TAP, that conforms to IEEE Standard 
1149.1-1990. Test instructions, test data, and test control signals all are passed along this serial-test bus. The 
TAP controller monitors two signals from the test bus, TCK and TMS. The TAP controller extracts the 
synchronization (ТСК) and state contro! (TMS) signals from the test bus and generates the appropriate on-chip 
control signals for the test structures in the device. Figure 2 shows the TAP-controller state diagram. 


The TAP controller is fully synchronous to the ТСК signal. Input data is captured on the rising edge of TCK and 
output data changes on the falling edge of TCK. This scheme ensures that data to be captured is valid for fully 
one-half of the TCK cycle. 


The functional block diagram shows the IEEE Standard 1149.1-1990 4-wire test bus and boundary-scan 
architecture and the relationship among the test bus, the TAP controller, апа {ће test registers. As shown, the 
device contains an 8-bit instruction register and three test-data registers: a 40-bit boundary-scan register, an 
11-bit boundary-control register, and a 1-bit bypass register. 


Test-Logic-Reset 






TMS =H 













Вип-ТезИ Че 


Select-DR-Scan 
Capture-DR 


Select-IR-Scan 


TMS = L 


Capture-IR 





TMS =L 


Update-DR 


Figure 2. TAP-Controller State Diagram 
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state diagram description 


Тһе TAP controller is a synchronous finite state machine that provides test control signals throughout the device. 
The state diagram shown in Figure 2 is in accordance with IEEE Standard 1149.1-1990. The TAP controller 
proceeds through its states based on the level of TMS at the rising edge of TCK. 


As shown, the TAP controller consists of 16 states. There are six stable states (indicated by a looping arrow in 
the state diagram) and ten unstable states. A stable state is a state the TAP controller can retain for consecutive 
TCK cycles. Any state that does not meet this criterion is an unstable state. 


There are two main paths through the state diagram: one to access and control the selected data register and 
one to access and control the instruction register. Only one register can be accessed at a time. 


Test-Logic-Reset 


The device powers up in the Test-Logic-Reset state. In the stable Test-Logic-Reset state, the test logic is reset 
and is disabled so that the normal logic function of the device is performed. The instruction register is reset to 
an opcode that selects the optional IDCODE instruction, if supported, or the BYPASS instruction. Certain data 
registers also can be reset to their power-up values. ; 


The state machine is constructed such that the TAP controller returns to the Test-Logic-Reset state in no more 
than five TCK cycles if TMS is left high. The TMS pin has an internal pullup resistor that forces it high if left 
unconnected or if a board defect causes it to be open circuited. 


For the 'ABT8646, the instruction register is reset to the binary value 11111111, which selects the BYPASS 
instruction. Each bit in the boundary-scan register is reset to logic 0. The boundary-control register is reset to 
the binary value 00000000010, which selects the PSA test operation with no input masking. 


Run-Test/Idle 


The TAP controller must pass through the Run-Test/Idle state (from Test-Logic-Reset) before executing any test 
operations. The Run-Test/ldle state also can be entered following data-register or instruction-register scans. 
Run-Testldle is a stable state in which the test logic can be actively running a test or can be idle. . 


The test operations selected by the boundary-control register are performed while the TAP controller is in the 
Run-Test/ldle state. 


Select-DR-Scan, Select-IR-Scan 


No specific function is performed in the Select-DR-Scan and Select-IR-Scan states, and the TAP controller exits 
either of these states on the next TCK cycle. These states allow the selection of either data-register scan or 
instruction-register scan. 


Capture-DR 


When a data-register scan is selected, the TAP controller must pass through the Capture-DR state. In the 
Capture-DR state, the selected data register can capture a data value as specified by the current instruction. 
Such capture operations occur on the rising edge of TCK, upon which the TAP controller exits the 
Capture-DR state. 


Shift-DR 


Upon entry to the Shift-DR state, the data register is placed in the scan path between TDI and TDO and, on the 
first falling edge of TCK, TDO goes from the high-impedance state to an active state. TDO enables to the logic 
level present in the least-significant bit of the selected data register. 


While in the stable Shift-DR state, data is serially shifted through the selected data register on each TCK cycle. 
The first shift occurs on the first rising edge of TCK after entry to the Shift-DR state (i.e., no shifting occurs during 
the TCK cycle in which the TAP controller changes from Capture-DR to Shift-DR or from Exit2-DR to Shift-DR). 
The last shift occurs on the rising edge of TCK, upon which the TAP controller exits the Shift-DR state. 
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Exit1-DR, Exit2-DR 


The Exit1-DR and Exit2-DR states are temporary states that end a data-register scan. It is possible to return 
to the Shift-DR state from either Exit1-DR or Exit2-DR without recapturing the data register. 


On the first falling edge of ТСК after entry to Exit1-DR, ТОО goes from the active state to the 
high-impedance state. 


Pause-DR 


No specific function is performed in the stable Pause-DR state, in which the TAP controller can remain 
indefinitely. The Pause-DR state suspends and resumes data-register scan operations without loss of data. 


Update-DR 


If the current instruction calls for the selected data register to be updated with current data, then such update 
occurs on the falling edge of TCK, following entry to the Update-DR state. 


Capture-IR 


When ап instruction-register scan is selected, the TAP controller must pass through the Сарішге-ІН state. In 
the Capture-IR state, the instruction register captures its current status value. This capture operation occurs 
on the rising edge of TCK upon, which the TAP controller exits the Capture-IR state. 


For the 'ABT8646, the status value loaded in the Capture-IR state is the fixed binary value 10000001. 
Shift-IR 
Upon entry to the Shift-IR state, the instruction register is placed in the scan path between TDI and TDO and, 


on the first falling edge of TCK, TDO goes from the high-impedance state to an active state. TDO enables to 
the logic level present in the least-significant bit of the instruction register. 


While in the stable Shift-IR state, instruction data is serially shifted through the instruction register on each TCK 
cycle. The first shift occurs on the first rising edge of TCK after entry to the Shift-IR state (i.e., no shifting occurs 
during the TCK cycle in which the TAP controller changes from Capture-IR to Shift-IR or from Exit2-IR to 
Shift-IR). The last shift occurs on the rising edge of TCK, upon which the TAP controller exits the Shift-IR state. 


Exit1-IR, Exit2-IR 


The Exiti-IR and Exit2-IR states are temporary states that end an instruction-register scan. It is possible to 
return to the Shift-IR state from either Exit1-IR or Exit2-IR without recapturing the instruction register. 


On the first falling edge of ТСК after entry to Exiti-IR, ТОО goes from the active state to the 
high-impedance state. 


Pause-IR 


No specific function is performed in the stable Pause-IR state, in which the TAP controller can remain 
indefinitely. The Pause-IR state suspends and resumes instruction-register scan operations without loss 
of data. 


Update-IR 


The current ешп is updated and takes effect оп the falling edge of TCK, following entry to the 
Update-IR state. 
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register overview 


With the exception of the bypass register, any test register can be thought of as a serial-shift register with a 
shadow latch on each bit. The bypass register differs in that it contains only a shift register. During the 
appropriate capture state (Capture-IR for instruction register, Capture-DR for data registers), the shift register 
can be parallel loaded from a source specified by the current instruction. During the appropriate shift state 
(Shift-IR or Shift-DR), the contents of the shift register are shifted out from TDO while new contents are shifted 
in at TDI. During the appropriate update state (Update-IR or Update-DR), the shadow latches are updated from 
the shift register. 


instruction register description 


The instruction register (IR) is eight bits long and tells the device what instruction is to be executed. Information 
contained in the instruction includes the mode of operation (either normal mode, in which the device performs 
its normallogic function, ortest mode, in which the normal logic function is inhibited or altered), the test operation 
to be performed, which of the three data registers is to be selected for inclusion in the scan path during 
data-register scans, and the source of data to be captured into the selected data register during Capture-DR. 


Table 3 lists the instructions supported by the'ABT8646. The even-parity feature specified for SCOPE™ devices 
is supported in this device. Bit 7 of the instruction opcode is the parity bit. Any instructions that are defined for 
SCOPE™ devices but are not supported by this device default to BYPASS. 


During Capture-IR, the IR captures the binary value 10000001. As an instruction is shifted in, this value is shifted 
out via TDO and can be inspected as verification that the IR is in the scan path. During Update-IR, the value 
that has been shifted into the IR is loaded into shadow latches. At this time, the current instruction is updated, 
and any specified mode change takes effect. At power up or in the Test-Logic-Reset state, the IR is reset to the 
binary value 11111111, which selects the BYPASS instruction. The IR of scan is shown in Figure 3. 


Bit 7 
TD! —#] Parity Bit 6 > р pes TDO 
(MSB) 


Figure 3. Instruction Register Order of Scan 
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data register description 


boundary-scan register 


The boundary-scan register (BSR) is 40 bits long. It contains one boundary-scan cell (BSC) for each 
normal-function input pin, two BSCs for each normal-function I/O pin (one for input data and one for output data), 
and one BSC for each of the internally decoded output-enable signals (OEA and OEB). The BSR is used 1) to 
store test data that is to be applied internally to the inputs of the normal on-chip logic and/or externally to the 
device output pins, and/or 2) to capture data that appears internally at the outputs of the normal on- chip logic 
and/or externally at the device input pins. 


The source of data to be captured into the BSR during Capture-DR is determined by the current instruction. The 
contents of the BSR can change during Run-Test/Idle as determined by the current instruction. At power up or 
in Test-Logic-Reset, the value of each BSC is reset to logic 0. 

When external data is to be captured, the BSCs for signals OEA and OEB capture logic values determined by 
the following positive-logic equations: ОБА = OE • DIR, and OEB = OE • DIR. When datais to be applied 
externally, these BSCs control the drive state (active or high-impedance) of their respective outputs. 


The BSR order of scan is from TDI through bits 39-0 to ТОО. Table 1 shows the BSR bits and their associated 
device pin signals. 


Table 1. Boundary-Scan Register Configuration 
BSRBIT | DEVICE | BSRBIT | DEVICE | BSRBIT | DEVICE | BSRBIT | DEVICE | BSRBIT | DEVICE 
NUMBER | SIGNAL | NUMBER | SIGNAL | NUMBER | SIGNAL | NUMBER | SIGNAL | NUMBER | SIGNAL 
[ 39 | ое | 
peu АТ: 


[Го 
ume 
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boundary-control register 


The boundary-control register (BCR) is 11 bits long. The BCR is used in the context of the RUNT instruction to 
implement additional test operations not included in the basic SCOPE™ instruction set. Such operations include 
PRPG, PSA with input masking, and binary count up (COUNT). Table 4 shows the test operations that are 


decoded by the BCR. 


During Capture-DR, the contents of the BCR are not changed. At power up or in Test-Logic-Reset, the BCR is 


reset to the binary value 00000000010, which selects the PSA test operation with no input masking. 


The BCR order of scan is from TDI through bits 10-0 to TDO. Table 2 shows the BCR bits and their associated 


test control signals. 


Table 2. Boundary-Control Register Configuration 


TEST TEST TEST 
MGE CONTROL NUMBER CONTROL ЕЯ CONTROL 
SIGNAL SIGNAL SIGNAL 
Го | wee | s | wa | 2 | 02000 
[s [| ме | s | мәз | +í [scops 


Па [| mse | + | wee | о [ овсоово | 
[7 CT мав Га ot | — [ — | 











bypass register 


The bypass register is a 1-bit scan path that can be selected to shorten the length of the system scan path, 
thereby reducing the number of bits per test pattern that must be applied to complete a test operation. During 
Capture-DR, the bypass register captures a logic 0. The bypass register order of scan is shown in Figure 4. 


Figure 4. Bypass Register Order of Scan 
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instruction-register opcode description 


The instruction-register opcodes are shown in Table 3. The following descriptions detail the operation of 
each instruction. 


Table 3. Instruction-Register Opcodes 


BINARY CODET 
BIT 7 вто SCOPE OPCODE DESCRIPTION SELECTED РАТА 
REGISTER 
MSB > LSB 


0000900 — | —EXTESTANTEST 



















[10001110 | ____Бомем | _Boundary-contro register scan — | Boundary control [Normal "| 
мон | eveass | бек — | Bypass | тота — 


t Bit 7 is used to maintain even parity in the 8-bit instruction. 
t The BYPASS instruction is executed in lieu of a SCOPE ™ instruction that is not supported in the 'ABT8646. 


хол | вет — | бек — | бе | Normal 
[ 100: | SAMPLETPRELOAD | — Sampleboundary — — | Boundary scan | Мота — 
Оооо | в? — | аа, — — | Bypass — | Normal | 
[ooi | ве | бек — | ғаз — | Normal 
[ ооо [в — | Bypaessan | Bass — [| Normal — 
[00001010 — | READEN [Болу — | Boundary scan | Normal 


boundary scan 


This instruction conforms to the IEEE Standard 1149.1-1990 EXTEST and INTEST instructions. The BSR is 
selected in the scan path. Data appearing at the device input pins is captured in the input BSCs, while data 
appearing at the outputs of the normal on-chip logic is captured in the output BSCs. Data that has been scanned 
into the input BSCs is applied to the inputs of the normal on-chip logic, while data that has been scanned into 
the output BSCs is applied to the device output pins. The device operates in the test mode. 


bypass scan 


This instruction conforms to the IEEE Standard 1149.1-1990 BYPASS instruction. The bypass register is 
selected in the scan path. A logic 0 value is captured in the bypass register during Capture-DR. The device 
operates in the normal mode. 


sample boundary 


This instruction conforms to the IEEE Standard 1149.1-1990 SAMPLE/PRELOAD instruction. The BSR is 
selected in the scan path. Data appearing at the device input pins is captured in the input BSCs, while data 
appearing at the outputs of the normal on-chip logic is captured in the output BSCs. The device operates in the 
normal mode. 
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control boundary to high impedance 


This instruction conforms to the IEEE Standard 1149.1a-1993 HIGHZ instruction. The bypass register is 
selected in the scan path. A logic 0 value is captured in the bypass register during Capture-DR. The device 
operates in a modified test mode in which all device I/O pins are placed in the high-impedance state, the device 
input pins remain operational, and the normal on-chip logic function is performed. 


control boundary to 1/0 


This instruction conforms to the IEEE Standard 1149.1a-1993 CLAMP instruction. The bypass register is 
selected in the scan path. A logic O value is captured in the bypass register during Capture-DR. Data in the input 
BSCs is applied to the inputs of the normal on-chip logic, while data in the output BSCs is applied to the device 
output pins. The device operates in the test mode. | 


boundary run test 


The bypass register is selected in the scan path. A logic 0 value is captured in the bypass register during 
Capture-DR. The device operates in the test mode. The test operation specified in the BCR is executed during 
Run-Test/Idle. The five test operations decoded by the BCR are: sample inputs/toggle outputs (TOPSIP), 
PRPG, PSA, simultaneous PSA and PRPG (PSA/PRPG), and simultaneous PSA and binary count up 
(PSA/COUNT). 


boundary read 


The BSR is selected in the scan path. The value in the BSR remains unchanged during Capture-DR. This 
instruction is useful for inspecting data after a PSA operation. 


boundary self test 


The BSR is selected in the scan path. All BSCs capture the inverse of their current values during Capture-DR. 
In this way, the contents of the shadow latches can be read out to verify the integrity of both shift-register and 
shadow-latch elements of the BSR. The device operates in the normal mode. 


boundary toggle outputs 


The bypass register is selected in the scan path. A logic 0 value is captured in the bypass register during 
Capture-DR. Data in the shift-register elements of the selected output BSCs is toggled on each rising edge of 
ТСК in Run-Test/Idle, updated in the shadow latches, and applied to the associated device output pins on each 
falling edge of TCK in Run-Test/Idle. Data in the selected input BSCs remains constant and is applied to the 
inputs of the normal on-chip logic. Data appearing at the device input pins is not captured in the input BSCs. 
The device operates in the test mode. 


boundary-control-register scan 


The BCR is selected in the scan path. The value in the BCR remains unchanged during Capture-DR. This 
operation must be performed before a boundary-run test operation to specify which test operation is to 
be executed. 
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boundary-control-register opcode description 


The BCR opcodes are decoded from BCR bits 2-0 as shown in Table 4. The selected test operation is performed 
while the RUNT instruction is executed in the Run-Test/Idle state. The following descriptions detail the operation 
of each BCR instruction and illustrate the associated PSA and PRPG algorithms. 


Table 4. Boundary-Control Register Opcodes 


BINARY CODE 
BIT 2 > BIT 0 DESCRIPTION 
MSB — LSB 


Sample inputs/toggle outputs (TOPSIP) 
Pseudo-random pattern generation/16-bit mode (PRPG) 


Simultaneous PSA and PRPG/8-bit mode (PSA/PRPG) 
Simultaneous PSA and binary count up/8-bit mode (PSA/COUNT) 





In general, while the control input BSCs (bits 39-32) are not included in the sample, toggle, PSA, PRPG, or 
COUNT algorithms, the output-enable BSCs (bits 39-38 of the BSR) do control the drive state (active or high 
impedance) of the selected device output pins. These BCR instructions are valid only when the device is 
operating in one direction of data flow (that is, ОБА z OEB). Otherwise, the bypass instruction is operated. 


PSA input masking 


Bits 10-3 of the BCR specify device input pins to be masked from PSA operations. Bit 10 selects masking for 
device input pin A8 during A-to-B data flow or for device input pin B8 during B-to-A data flow. Bit 3 selects 
masking for device input pins A1 or B1 during A-to-B or B-to-A data flow, respectively. Bits intermediate to 10 
and 3 mask corresponding device input pins, in order, from most significant to least significant, as indicated in 
Table 3. When the mask bit that corresponds to a particular device input has a logic 1 value, the device input 
pin is masked from any PSA operation, i.e., the state of the device input pin is ignored and has no effect on the 
generated signature. Otherwise, when a mask bit has a logic 0 value, the corresponding device input is not 
masked from the PSA operation. 


sample Inputs/toggle outputs (TOPSIP) 


Data appearing at the selected device input pins is captured in the shift-register elements of the selected BSCs 
on each rising edge of TCK. This data is updated in the shadow latches of the selected input BSCs and applied 
to the inputs of the normal on-chip logic. Data in the shift-register elements of the selected output BSCs is 
toggled оп each rising edge of ТСК, updated in the shadow latches, and applied to the associated device output 
pins on each falling edge of TCK. 
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pseudo-random pattern generation (PRPG) 


A pseudo-random pattern is generated in the shift-register elements of the selected BSCs on each rising edge 
of TCK, updated in the shadow latches, and applied to the associated device output pins on each falling edge 
of TCK. This data also is updated in the shadow latches of the selected input BSCs and applied to the inputs 
of the normal on-chip logic. Figures 5 and 6 show the 16-bit linear-feedback shift-register algorithms through 
which the patterns are generated. An initial seed value should be scanned into the BSR before performing this 
operation. A seed value of all zeroes does not produce additional patterns. 


A8-I AT-l А6-1 А5-1 A+ АЗ-1 A2-I А1-І 





5 


B8-O B7-O B6-O B5-O B4-O B3-O B2-O B1-O 
Figure 5. 16-Bit PRPG Configuration (OEA z 0, OEB z 1) 





e J > A8-O А7-0 A6-O А5-О А4-О АЗ-О А2-О А1-О 


Figure 6. 16-Bit PRPG Configuration (OEA=1, OEB= 0) 
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parallel-signature analysis (PSA) 


Data appearing at the selected device input pins is compressed into a 16-bit parallel signature in the 
shift-register elements of the selected BSCs on each rising edge of TCK. This data is updated in the shadow 
latches of the selected input BSCs and applied to the inputs of the normal on-chip logic. Data in the shadow 
latches of the selected output BSCs remains constant and is applied to the device outputs. Figures 7 and 8 show 
the 16-bit linear-feedback shift-register algorithms through which the signature is generated. An initial seed 
value should be scanned into the BSR before performing this operation. 


A8-I АТ-1 Аб-1 А5-! А4-1 АЗ-1 А2-) А1-! 


МА5КХ 





© J> A8-O А7-0 A6-0 A5-O A4-O A3-O A2-O A1-O 


Figure 8. 16-Bit PSA Configuration (OEA = 1, OEB = 0) 
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simultaneous PSA and PRPG (PSA/PRPG) 


Data appearing at the selected device input pins is compressed into an 8-bit parallel signature in the 
shift-register elements of the selected input BSCs on each rising edge of TCK. This data is updated in the 
shadow latches of the selected input BSCs and applied to the inputs of the normal on-chip logic. At the same 
time, an 8-bit pseudo-random pattern is generated in the shift-register elements of the selected output BSCs 
on each rising edge of TCK, updated in the shadow latches, and applied to the associated device output pins 
on each falling edge of TCK. Figures 9 and 10 show the 8-bit linear-feedback shift-register algorithms through 
which the signature and patterns are generated. An initial seed value should be scanned into the BSR before 
performing this operation. A seed value of all zeroes does not produce additional patterns. 


А8-І А7-! Аб-1 А5-1 А4-І АЗ- A2-I A1-1 





© J > B8-O B7-O B6-O B5-O B4-O B3-O B2-O B1-O 


Figure 9. 8-Bit PSA/PRPG Configuration (OEA z 0, OEB z 1) 





@ Jj > A8-O A7-O A6-O A5-O A4-0 A3-O A2-O A1-0 


Figure 10. 8-Bit PSA/PRPG Configuration (OEA = 1, OEB = 0) 
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simultaneous PSA and binary count up (PSA/COUNT) 


Data appearing at the selected device input pins is compressed into an 8-bit parallel signature in the 
shift-register elements of the selected input BSCs on each rising edge of TCK. This data is updated in the 
shadow latches of the selected input BSCs and applied to the inputs of the normal on-chip logic. At the same 
time, an 8-bit binary count-up pattern is generated in the shift-register elements of the selected output BSCs 
on each rising edge of TCK, updated in the shadow latches, and applied to the associated device output pins 
on each falling edge of TCK. In addition, the shift-register elements of the opposite output BSCs count carries 
out of the selected output BSCs extending the count to 16 bits. Figures 11 and 12 show the 8-bit linear-feedback 
shift-register algorithms through which the signature is generated. An initial seed value should be scanned into 
the BSR before performing this operation. 


А8-І A7-l Аб-1 А54 A4-l АЗ-1 А2-І А14 


MASKX 





7-4 00000000 


B8-O B6-O B2-O В1-0 
Figure 11. 8-Bit PSA/COUNT Configuration (OEA z 0, OEB z 1) 


MASKX 





o ПСобоопой 


ATO АВО _ А5-О A-O АЗО А2-0 
Figure 12. 8-Bit PSA/COUNT Configuration (OEA = 1, OEB = 0) 
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timing description 


All test operations of the 'ABT8646 are synchronous to TCK. Data on the TDI, TMS, and normal-function inputs 
is captured on the rising edge of TCK. Data appears on the TDO and normal-function output pins on the falling 
edge of TCK. The TAP controller is advanced through its states (as shown in Figure 2) by changing the value 
of TMS on the falling edge of TCK and then applying a rising edge to TCK. 


A simple timing example is shown in Figure 13. In this example, the TAP controller begins in the 
Test-Logic-Reset state and is advanced through its states as necessary to perform one instruction-register scan 
and one data-register scan. While in the Shift-IR and Shift-DR states, TDI is used to input serial data, and TDO 
is used to output serial data. The TAP controller is then returned to the Test-Logic-Reset state. Table 5 details 
the operation of the test circuitry during each TCK cycle. 


Table 5. Explanation of Timing Example 


TCK ТАР STATE | 
CYCLE(S) | AFTERTCK DESCRIPTION 
m TMS is changed to a logic 0 value on the falling edge of TCK to begin advancing the TAP controller toward 
Teoh bogie Resell she desired state. 


атыл» | x O — — C C C C C C C C C x C 
аснова | = Е 
[4 нн | 
БЕСТЕН 
[1 — 










Capture-IR The IR captures the 8-bit binary value 10000001 on the rising edge of TCK as the TAP controller exits the 
apiu Capture-IR state. 
TDO becomes active and TDI is made valid on the falling edge of TCK. The first bit is shifted into the TAP 
on the rising edge of TCK as the TAP controller advances to the next state. 
TDO becomes inactive (goes to the high-impedance state) on the falling edge of TCK. 
The binary value 101 is shifted in via TDI, while the binary value 010 is shifted out via TDO 


19-20 Tein ton whi : т. 2 | 
Exit1-DR TDO becomes inactive (goes to the high-impedance state) on the falling edge of TCK. 







4 
Onebitis shifted into the IR on each TCK rising edge. With TDI heldat a logic 1 value, the 8-bit binary value 
7-13 Shift-IR 11111111 is serially scannedintothe IR. Atthe sametime, the 8-bit binary value 10000001 is serially scanned 
out of the IR via TDO. In TCK cycle 13, TMS is changed to a logic 1 value to end the IR scan on the next 
4 | Бмв | 
| 15 |  UpdatelR | The IR is updated with the new instruction (BYPASS) on the falling edge of TCK. 
ш оо 
The bypass register captures a logic 0 value on the rising edge of TCK as the TAP controller exits the 
Capture-DR Capture-DR state. 
21 


ТСК cycle. The last bit of the instruction is shifted as the TAP controller advances from Shift-IR to Exitt-IR. 
ТОО becomes active and TDI is made valid on the falling edge of TCK. The first bit is shifted into the ТАР 
on the rising edge of TCK as the TAP controller advances to the next state. 





Select-DR-Scan 


Ут | — _— — — — 


| o 2 O| Update-DR In general, the selected data register is updated with the new data on the falling edge of TCK 
| 25 | Test-Logic-Reset | Test operation completed 
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 


,9,9,0,9,9,9,9,9,9 





|=] с сісісі|с с с | Е | Е | Е | 5 

8 | о 8185 = 1131819 а 2191815 8 
29915 = Е 5198 Е 5819019 а 

ТАР о |о | Е | | Е д щ|ъ Е | 5 = ха ||| 
11а |5 |6 са г o ule 

Controller} P| ¿| < | в |6 эр| 5:59 
зае | |2 | 8 3 8519 8 3 я 

3 3 $ 2 8 

Е É 


EX 3-State (TDO) or Don't Care (TDI) 


Figure 13. Timing Example 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 


Supply voltage range, VOC .......................................................... O0.5Vto7V 
Input voltage range, V| (except I/O ports) (see Note 1) .................................. -0.5Vto7V 
Input voltage range, V, (I/O ports) (see Note 1) ....................................... -0.5 V to 5.5 V 
Voltage range applied to any output іп the high state or power-off state, Мо .............. -0.5Vto5.5V 
Current into any output in the low state, lo: SN54ABT8646 ......... Си а а ширини анг PEE ДА 96 mA 
SN/AABTS64D: оыс ақына UR paene 128 mA 

Input clamp current, Це (Vp € 0) ........................................................... —18 mA 
Outputelamp current; ок (Vo < 0) мше нуч кыы ka re RETE EE gd quU» nam id ow poA қыза —50 mA 
Maximum power dissipation at TA = 55°C (in still air) (see Моје 2): DL package ................... 0.7W 
DW package .................. 1.7W 

Storage temperature range, Ttg .... sisse —65?C to 150°C 


t Stresses beyond those listed under “absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. | 

NOTES: 1. The input and output negative-voltage ratings can be exceeded if the input and output clamp-current ratings аге observed. 

2. The maximum package power dissipation is calculated using a junction temperature of 150°C and a board trace length of 750 mils. 
For more information, refer to the Package Thermal Considerations application note in the ABT Advanced BiCMOS Technology Data 
Book, literature number SCBD002. 
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recommended operating conditions (see Note 3) 


| SN54ABT8646 | SN74ABT8646 
ара ын air udi 


“с на 2222272 140-81-45 ss V — 
Vin Highevelinputvotage KK о у 
ы зе ИВЕ НН C] Би 
НТВ coals ae E EEEE ETE A 
"од Lowievelouputcurent ИИС СИ 

оозу | 

Св вю вх | 












ТА Operating free-air temperature 


NOTE 3: Unused pins (input or ИО) must be held high or low to prevent them from floating. 
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electrical characteristics over recommended operating free-air temperature range (unless 


otherwise noted) 
ТА = 25°С SN54ABT8646 | SN74ABT8646 
PARAMETER TEST CONDITIONS UNIT 
ММ ТҮРТ MAX| MN MAX 


















[MN мах 
Ук остаз uem | ар zL вру 
| остави, — logs-Sm& [8 T 2 | ss | 
КА ЕС ТТИ 3 [5 — ] 3 —] v 
un uam и ғас БЕНЕН овен 
= 
ggg таннен траат ра 
оов С 
CLK, DIR, Е 
Cw [mirus __|убсебам — wwe ООС ОТ ОСТ РЗ 
o — мостови Уолу | 0) | во а 
еі = ERES MDC Jemen DM 
пи |ves- _Wervos4sv | sof | rol j] 
Gupuishigh ЕО ЗЕ — | — s| so] 60] sa 
| о5 _______усса66м  Уо-абзу — | 5 2% 9 
така ет Ееее еее РЈ 
сс |ле=врюъ еби Foupusiow — | — — 39 3| | 58] m^ 
М-Уосот GND [Oops asao [09 af | — — -?| 
FG КОРЕЕ [wezsverosv [з О И 
"об авв |vo-25ver0sv — |ж 
Го mo ^ -]vo-zsveosv ______| s T T [F 





* On products compliant to MIL-PRF-38535, this parameter does not apply. 

T All typical values are at Voc = 5 V. 

+ The parameters lozH and 1071. include the input leakage current. 

§ Not more than one output should be tested at a time, and the duration of the test should not exceed one second. 

f This is the increase in supply current for each input that is at the specified TTL voltage level rather than Voc or GND. 
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за Вт аа а ғ іле ит ы пъ БАИ ЭШ URGE Вател a eGR аа та ee NS АА а ааа TS ER CER ЕЕ 
timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (normal mode) (see Figure 14) 


Íclock Clock frequency CLKAB or CLKBA 


CLKAB or OLKBA Но oon 
A bolora GLKABT or В before ОСКВАГ 
th Hold time A after CLKABT or B after CLKBAT 





timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (test mode) (see Figure 14) 


(dock Clockirequenoy 
TOK igh or iow 


K ою о 50 

tw i D 
A, B, CLK, DIR, OE, or S before TCK? | 7 | 5 | 

ts Setup time TDI before TCKÎ | 6 | 56 | 
TMS before TOKT s [T 5 J] 

t __о | о | 
td | sv | 50 — | 


" | 
А, В, CLK, DIR, ОЕ, ог $ after TCKT 
h Hold time TDI after TCKT 
TMS after TCKT 














Power up to TCKT 
uc 


* On products compliant to MIL-PRF-38535, this parameter is not production tested. 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (normal mode) (see aE — — 14) 


Г SNS4ABT8646 || 
FROM TO Усс =5М, 
РАВАМЕТЕВ (МРОТ) (OUTPUT) ассан 25°С UNIT 
| MN TYP МАХ | | 


pu eee oe eT 
corta ui ы 
= x 
о | „кошы О 
| saa ара ва 
БЕРЕ пад 
— S Сава за 5 ви 
2 48 6 
к. = SAB or SBA BorA 
— = — 2 47 59 
t | 25 44 54] 25 66| 
S l hH j Bor À 
m ЗЕТ E ЖЕГІ 
| 25 44 54| 25 67 

















— a 


з 6 zo| 3 ве 
Bor À 
= и Оз 52 sej 3 S| 
2 59 77| 28 85 
== == BorA 
[ 3 52 62| 8 83 


switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (normal mode) (see Figure 14) 


| 8М74АВт6646 ^ | 
FROM TO а — =5V, 
PARAMETER (INPUT) (OUTPUT) Sane wax] = 25°C И 
EL 3 —1 


| СІКАВ огСІКВА | | CLKABorCLKBA | СКВА 


ERE == 87 45 e UR E IM ы 
pc O Aor B BorA 
iu seals 


| 3 44 531 3 6 
ee CLKAB or CLKBA BorA 
| ш | 25 43 _ 52 28 62 


SAB ог SBA 
4769 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (test mode) (see Figure 14) 


|0 5М54АВТ8646 ____ | 
FROM TO Злато 5У, 
РАНАМЕТЕН (INPUT) (OUTPUT) тата 25°C ys 
EE спрат 
| MHz | 






















— us Паста 35 134 
— ток} АогВ 
ad of scs 
кенен TURNER 137755 
mn 
== — за ај es 
45 82  97| 45 125 
[телен =н=р TCKL AorB 
Пр | 45 9 12| 45 135 
t | 25 43 55| 25 7| 
Tod 
tPZL | 25 49 6| 25 75 
35 84 13) 35 145 
PHZ тєк АогВ 
3 8 105] 3 135] 
t 3 5.9 7| 3 9| 
ЖЕТІ 358 
3 · 5 6. 


switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (test mode) (see и — 14) 


| === SN74ABI8646 ____ | 
ЕВОМ TO Усс = 5V, 
PARAMETER (INPUT) (OUTPUT) AS 25°C ui 
| MN ТҮР MAX| MAX 












LE реа 
| 35 12 
muss cram Ба TCKL AorB 
| т) 3 115 






3 55| 25 65 
pce Сара 
[4s 82 os| 45 12 
ENERO с 45 o wos] «s в 
[2s as se| 2555 
a Ces es ef 2s 


о = 
пи ISP 
| TDO 
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PARAMETER MEASUREMENT INFORMATION 






о ТУ 
From Output О Open 
Under Test GND Term) 
CL = 50 pF 
‘ons RORA) 5009 tPLZ/tPZL 
T tPHZ/tPZH 


LOAD CIRCUIT 


------< 3v 
Timing Input Co 
|e оу 
- — tw — —h эк э 
| | tsu th 


| | зу 
Input 15Ү 15V Data Input 1.5V 
ov оу 


VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS 
PULSE DURATION SETUP AND HOLD TIMES 
зу 3V 
| Output | 
р | | оу Control | = | ov. 
| | tPZL —Э| | 
{н —4—9 4» іні. | liz | 
|| < мон с ВА | = VP 2.5V 
амеїогт 1.5 
Output | 15V | 15V Stat7V | | Y voL «03V 
| | VoL (see Note B) | > маза 
| | ÎPHZ 
ТРН. — «—9— {РЕН tPZH — М 
| Ошри | 


TR | == Уон Waveform 2 isy Von -0.3v ОН 
Tue ` S1 at Open . 
| Noto = ОМ 


——— VOL (see Note B) 


VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES ENABLE AND DISABLE TIMES 
INVERTING AND NONINVERTING OUTPUTS LOW- AND HIGH-LEVEL ENABLING 


NOTES: A. СІ includes probe and jig capacitance. 
B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 
C. All input pulses are supplied by generators having the following characteristics: РАВ < 10 MHz, Zo = 50 О, tr < 2.5 ns, Ң $2.5 ns. 
D. The outputs are measured one at a time with one transition per measurement. 


Figure 14. Load Circuit and Voltage Waveforms 
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@ Members of the Texas Instruments 5М54АВТ8652... JT PACKAGE 
SCOPE™ Family of Testability Products ое алы, БАЧКА 
е Compatible With the IEEE Standard 
1149.1-1990 (JTAG) Test Access Port and | CLKAB[] + 28] CLKBA 
Boundary-Scan Architecture ЅАВ 2 27| SBA 
© Functionally Equivalent to 'F652 and ОЕАВ з 26 ПОЕВА 
"АВТ652 in the Normal-Function Mode A1Íl 4 251] B1 
е SCOPE" Instruction Set А2Ц5 2411 B2 
- IEEE Standard 1149.1-1990 Required A3lle 23|] ВЗ 
Instructions, Optional INTEST, CLAMP, GND 07 || B4 
and HIGHZ А4 Цв 21] Voc 
- Parallel-Signature Analysis at Inputs АБЦо 20 B5 
With Masking Option А6 10 191] B6 
- Pseudo-Random Pattern Generation А7 [|11 181] B7 
From Outputs Ав|12 — 17|]B8 
— Sample Inputs/Toggle Outputs TDO[l:3 160 TDI 
- Binary Count From Outputs TMS[l44 — 15| TCK 


— Even-Parity Opcodes 
€ Two Boundary-Scan Cells Per I/O for 


Greater Flexibility a Si + a PACKAGE 


9 State-of-the-Art EPIC-IIB'" BiCMOS Design 
Significantly Reduces Power Dissipation 


© Package Options Include Shrink 
Small-Outline (DL) and Plastic 
Small-Outline (DW) Packages, Ceramic 
Chip Carrlers (FK), and Standard Ceramic 
DIPs (JT) 


description 


The ’ABT8652 scan test devices with octal bus 
transceivers and registers are members of the 
Texas Instruments SCOPE™ testability 
integrated-circuit family. This family of devices 
supports IEEE Standard 1149.1-1990 boundary 
scan to facilitate testing of complex circuit-board 
assemblies. Scan access to the test circuitry is 
accomplished via the 4-wire test access port 
(TAP) interface. 


In the normal mode, these devices are functionally equivalent to the 'F652 and 'ABT652 octal bus transceivers 
and registers. The test circuitry can be activated by the TAP to take snapshot samples of the data appearing 
at the device pins or to perform a self test on the boundary-test cells. Activating the TAP in normal mode does 
not affect the functional operation of the SCOPE?" octal bus transceivers and registers. 





SCOPE and EPIC-IIB are trademarks of Texas Instruments Incorporated. 





PRODUCTION DATA pic maion в currant as of ubliation date. Copyright € 1996, Texas Instruments Incorporated 
lucts conform to s ons per the terms of Texas Instruments -PRF-38535, 
tandard warranty. Production processing does not necessarily include «X» TEXAS rele charity noted On ўт other геније сан 
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Data flow in each direction is controlled by clock (CLKAB and CLKBA), select (SAB and SBA), and 
output-enable (OEAB and OEBA) inputs. For A-to-B data flow, data on the A bus is clocked into the associated 
registers on the low-to-high transition of CLKAB. When SAB is low, real-time A data is selected for presentation 
to the B bus (transparent mode). When SAB is high, stored A data is selected for presentation to the B bus 
(registered mode). When OEAB is high, the B outputs are active. When OEAB is low, the B outputs are in the 
high-impedance state. Control for B-to-A data flow is similar to that for A-to-B data flow but uses CLKBA, SBA, 
and OEBA inputs. Since the OEBA input is active low, the A outputs are active when OEBA is low and are in 
the high-impedance state when OEBA is high. Figure 1 shows the four fundamental bus-management functions 
that can be performed with the 'ABT8652. 


In the test mode, the normal operation of the SCOPE™ bus transceivers and registers is inhibited and the test 
circuitry is enabled to observe and control the /О boundary of the device. When enabled, the test circuitry 
performs boundary-scan test operations as described in IEEE Standard 1149.1-1990. 











Four dedicated test pins control the operation of the test circuitry: test data input (TDI), test data output (TDO), 
test mode select (TMS), and test clock (TCK). Additionally, the test circuitry performs other testing functions 
such as parallel-signature analysis (PSA) on data inputs and pseudo-random pattern generation (PRPG) from 
data outputs. All testing and scan operations are synchronized to the TAP interface. | 


The $№54АВТ8652 is characterized for operation over the full military temperature range of —55°C to 125°C. 
The SN74ABT8652 is characterized for operation from —40°C to 85°C. 


FUNCTION TABLE 


INPUTS DATA ИО 
— OPERATION OR FUNCTION 
OEAB  OEBA CLKAB СКВА SAB SBA А1-А8 B1-B8 


X Input disabled Input disabled Isolation 
. Input Input Store A and B data 








= 

> 

> 
> 


H x 
H x 
x 
X 
X 


L T T 

X H T L X Input Unspecifiedt Store A, hold B 

L x L T X Unspecifiedt Input Hold A, store B 

L L X X X L Output Input Real-time B data to A bus 
Output Input Stored B data to A bus 

H H X X L X Input Output Real-time A data to B bus 





+ The data-output functions can be enabled or disabled by a variety of level combinations at ОЕАВ or OEBA. Data-input functions are always 
enabled; i.e., data atthe bus terminals is stored on every low-to-high transition of the clock inputs. 

t Select control « L: clocks can occur simultaneously. 
Select control = H: clocks must be staggered in order to load both registers. 
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3 26 1 28 2 27 
OEAB OEBA СІКАВ CLKBA SAB SBA 
L L X X х L 
REAL-TIME TRANSFER 
BUS ВТО BUSA 
a 
o 
2 
a 


ЕЙ 


3 26 1 28 2 27 
OEAB ОЕВА CLKAB CLKBA ЗАВ SBA 


X H T X X X 

L X X T X X 

L H T t x x 
STORAQE FROM 


A,B,ORAAND B 


Pin numbers shown are for the DL, DW, and JT packages. 
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3 26 1 28 2 27 


ОЕАВ OEBA CLKAB CLKBA ЗАВ SBA 
H H X X L X 
REAL-TIME TRANSFER 
BUS ATO BUS B 
a 
o 
2 
a 


3 26 1 28 2 27 
OEAB OEBA CLKAB CLKBA SAB  SBA 
H L X X H H 
TRANSFER STORED DATA 
TO A AND/OR B 


Figure 1. Bus-Management Functions 
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functional block diagram 


Boundary-Scan Register 





Bypass Register 
Register NSS 
ше > = тоо 
то 28 > Instruction Register 





TAP 
Controller 


Pin numbers shown are for the DL, DW, and JT packages. 
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Terminal Functions 


TERMINAL 


А1-А8 Normal-function A-bus МО ports. See function table for normal-mode logic. 
B1-B8 Normal-function B-bus I/O ports. See function table for normal-mode logic. 


CLKAB, CLKBA | Normal-function clock inputs. See function table for normal-mode logic. 


| 














ОЕАВ, ОЕВА Normal-function output-enable inputs. See function table for normal-mode logic. 
SAB, SBA Normal-function select inputs. See function table for normal-mode logic. 






















TCK Test clock. One of four terminals required by IEEE Standard 1149.1-1990. Test operations of the device are synchronous 
to TCK. Data is captured on the rising edge of TCK, and outputs change on the falling edge of TCK. 

TD Test data input. One of four terminals required by IEEE Standard 1149.1-1990. TDI is the seríal input for shifting data 
through the instruction register or selected data register. An internal pullup forces TDI to a high level if left unconnected. 

TDO Test data output. One of four terminals required by IEEE Standard 1149.1-1990. TDO is the serial output for shifting data 
through the instruction register or selected data register. 

TMS Test mode select. One of four terminals required by IEEE Standard 1149.1-1990. TMS directs the device through its TAP 
controller states. Àn internal pullup forces TMS to a high level if left unconnected. 

Supply voltage 
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test architecture 


TMS = Н 


TMS =L 


Serial-test information is conveyed by means of a 4-wire test bus or TAP, that conforms to IEEE Standard 
1149.1-1990. Test instructions, test data, and test control signals all are passed along this serial-test bus. The 
TAP controller monitors two signals from the test bus, TCK and TMS. The TAP controller extracts the 
synchronization (TCK) and state control (TMS) signals from the test bus and generates the appropriate on-chip 
control signals for the test structures in the device. Figure 2 shows the TAP-controller state diagram. 


The TAP controller is fully synchronous to the TCK signal. Input data is captured on the rising edge of TCK and 
output data changes on the falling edge of TCK. This scheme ensures data to be captured is valid for fully 
one-half of the TCK cycle. 


The functional block diagram shows the IEEE Standard 1149.1-1990 4-wire test bus and boundary-scan 
architecture and the relationship among the test bus, the TAP controller, and the test registers. As shown, the 
device contains an 8-bit instruction register and three test-data registers: a 38-bit boundary-scan register, an 
11-bit boundary-control register, and a 1-bit bypass register. 


Test-Logic-Reset 
















Select-IR-Scan 






Select-DR-Scan 
Capture-DR 





Run-Testidle 





TMS = L 


В Capture-IR 


Pause-IR 


Update-IR 


TMS = L 


Pause-DR 


Update-DR 









Figure 2. TAP-Controller State Diagram 
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state diagram description 


The TAP controller is asynchronous finite state machine that provides test control signals throughout the device. 
The state diagram shown in Figure 2 is in accordance with IEEE Standard 1149.1-1990. The TAP controller 
proceeds through its states based on the level of TMS at the rising edge of TCK. 


As shown, the TAP controller consists of 16 states. There are six stable states (indicated by a looping arrow in 
the state diagram) and ten unstable states. A stable state is a state the TAP controller can retain for consecutive 
TCK cycles. Any state that does not meet this criterion is an unstable state. 


There are two main paths through the state diagram: one to access and control the selected data register and 
one to access and control the instruction register. Only one register can be accessed at a time. 


Test-Logic-Reset 


The device powers up in the Test-Logic-Reset state. In the stable Test-Logic-Reset state, the test logic is reset 
and is disabled so that the normal logic function of the device is performed. The instruction register is reset to 
an opcode that selects the optional IDCODE instruction, if supported, or the BYPASS instruction. Certain data . 
registers also can be reset to their power-up values. 


The state machine is constructed such that the TAP controller returns to the Test-Logic-Reset state in no more 
than five TCK cycles if TMS is left high. TMS has an internal pullup resistor that forces it high if left unconnected 
or if a board defect causes it to be open circuited. | 


For the "АВТ8652, the instruction register is reset to the binary value 11111111, which selects the BYPASS 
instruction. Each bit in the boundary-scan register is reset to logic 0 except bit 36, which is reset to logic 1. The 
boundary-control register is reset to the binary value 00000000010, which selects the PSA test operation with 
no input masking. 


Run-Test/Idle 


The TAP controller must pass through the Run-Test/Idle state (from Test-Logic-Reset) before executing any test 
operations. The Run-Test/Idle state also can be entered following data-register or instruction-register scans. 
Run-Test/ldle is a stable state in which the test logic can be actively running a test or can be idle. The test 
operations selected by the boundary-control register are performed while the TAP controller is in the 
Run-Test/ldle state. | 


Select-DR-Scan, Select-IR-Scan 


No specific function is performed in the Select-DR-Scan and Select-IR-Scan states, and the TAP controller exits 
either of these states on the next TCK cycle. These states allow the selection of either data-register scan or 
instruction-register scan. 


Capture-DR 


When a data-register scan is selected, the TAP controller must pass through the Capture-DR state. In the 
Capture-DR state, the selected data register can capture a data value as specified by the current instruction. 
Such capture operations occur on the rising edge of TCK, upon which the TAP controller exits the 
Capture-DR state. 


Shift-DR 


Upon entry to the Shift-DR state, the data register is placed in the scan path between TDI and TDO and, on the 
first falling edge of TCK, TDO goes from the high-impedance state to an active state. TDO enables to the logic 
level present in the least-significant bit of the selected data register. 


While in the stable Shift-DR state, data is serially shifted through the selected data register on each TCK cycle. 
The first shift occurs on the first rising edge of TCK after entry to the Shift-DR state (i.e., no shifting occurs during 
the TCK cycle in which the TAP controller changes from Capture-DR to Shift-DR or from Exit2-DR to Shift-DR). 
The last shift occurs on the rising edge of TCK, upon which the TAP controller exits the Shift-DR state. 
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Exit1-DR, Exit2-DR 


The Exit1-DR and Exit2-DR states are temporary states that end a data-register scan. It is possible to return 
to the Shift-DR state from either Exit1-DR or Exit2-DR without recapturing the data register. On the first falling 
edge of ТСК after entry to Exit1-DR, ТОО goes from the active state to the high-impedance state. 


Pause-DR 
No specific function is performed in the stable Pause-DR state, in which the TAP controller can remain 
indefinitely. The Pause-DR state suspends and resumes data-register scan operations without loss of data. 
Update-DR | 
If the current instruction calls for the selected data register to be updated with current data, then such update 
occurs on the falling edge of TCK, following entry to the Update-DR state. 
Capture-IR 


When an instruction-register scan is selected, the TAP controller must pass through the Capture-IR state. In 
the Capture-IR state, the instruction register captures its current status value. This capture operation occurs 
onthe rising edge of TCK, upon which the TAP controller exits the Capture-IR state. For the 'ABT8652, the status 
value loaded in the Capture-IR state is the fixed binary value 10000001. 


Shift-IR 


Upon entry to the Shift-IR state, the instruction register is placed in the scan path between TDI and TDO and, 
on the first falling edge of TCK, TDO goes from the high-impedance state to an active state. TDO enables to 
the logic level present in the least-significant bit of the instruction register. 


While in the stable Shift-IR state, instruction data is serially shifted through the instruction register on each TCK 
cycle. The first shift occurs on the first rising edge of TCK after entry to the Shift-IR state (i.e., no shifting occurs 
during the TCK cycle in which the TAP controller changes from Capture-IR to Shift-IR or from Exit2-IR to 
Shift-IR). The last shift occurs on the rising edge of TCK, upon which the TAP controller exits the Shift-IR state. 


Exit1-iR, Exit2-IR 


The Exit1-IR and Exit2-IR states are temporary states that end an instruction register scan. It is possible to return 
to the Shift-IR state from either Exit1-IR or Exit2-IR without recapturing the instruction register. On the first falling 
edge of TCK after entry to Exiti-IR, TDO goes from the active state to the high-impedance state. 


Pause-IR 


No specific function is performed in the stable Pause-IR state, in which the TAP controller can remain 
indefinitely. The Pause-IR state suspends and resumes instruction register scan operations withoutloss of data. 


Update-IR 


The current instruction is updated and takes effect on the falling edge of TCK, following entry to the 
Update-IR state. 





35 ТЕХА5 | 
INSTRUMENTS 


3-84 POST OFFICE BOX 655303 9 DALLAS, TEXAS 75265 


SN54ABT8652, SN74ABT8652 
| SCAN TEST DEVICES 
WITH OCTAL BUS TRANSCEIVERS AND REGISTERS 


SCBS122F - AUGUST 1992 - REVISED DECEMBER 1996 


register overview 


With the exception of the bypass register, any test register can be thought of as a serial-shift register with a 
shadow latch on each bit. The bypass register differs in that it contains only a shift register. During the 
appropriate capture state (Capture-IR for instruction register, Capture-DR for data registers), the shift register 
can be parallel loaded from a source specified by the current instruction. During the appropriate shift.state 
(Shift-IR or Shift-DR), the contents of the shift register are shifted out from TDO while new contents are shifted 
in at TDI. During the appropriate update state (Update-IR or Update-DR), the shadow latches are updated from 
the shift register. 


instruction register description 


The instruction register (IR) is eight bits long and tells the device what instruction is to be executed. Information 
contained in the instruction includes the mode of operation (either normal mode, in which the device performs 
its normal logic function, ortest mode, in which the normal logic function is inhibited or altered), the test operation 
to be performed, which of the three data registers is to be selected for inclusion in the scan path during 
data-register scans, and the source of data to be captured into the selected data register during Capture-DR. 


Table 3 lists the instructions supported by the 'ABT8652. The even-parity feature specified for SCOPE!" devices 
is supported in this device. Bit 7 of the instruction opcode is the parity bit. Any instructions that are defined for 
SCOPE™ devices but are not supported by this device default to BYPASS. 


During Capture-IR, the IR captures the binary value 10000001. As an instruction is shifted in, this value is shifted 
out via TDO and can be inspected as verification that the IR is in the scan path. During Update-IR, the value 
that has been shifted into the IR is loaded into shadow latches. At this time, the current instruction is updated 
and any specified mode change takes effect. At power up or in the Test-Logic-Reset state, the IR is reset to the 
binary value 11111111, which selects the BYPASS instruction. The IR order of scan is shown in Figure 3. 


Bit 7 
TDI Parity Bit 6 (SB) TDO 
(MSB) 


Figure 3. instructlon Register Order of Scan 
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data register description 


boundary-scan register 


The boundary-scan register (BSR) is 38 bits long. It contains one boundary-scan cell (BSC) for each 

normal-function input and two BSCs for each normal-function I/O (one for input data and one for output data). 

The BSR is used to store test data that is to be applied internally to the inputs of the normal on-chip logic and/or 

externally to the device output terminals, and/or to capture data that appears internally at the outputs of the 
` normal on-chip logic and/or externally at the device input terminals. 


The source of datato be captured into the BSR during Capture-DR is determined by the current instruction. The 
contents of the BSR can change during Run-Test/Idle as determined by the current instruction. At power up ог 
in Test-Logic-Reset, the value of each BSC is reset to logic 0 except BSC 36, which is reset to logic 1. 


The BSR order of scan is from TDI through bits 37-0 to TDO. Table 1 shows the BSR bits and their associated 
device pin signals. 


Table 1. Boundary-Scan Register Configuration 


NUMBER SIGNAL NUMBER SIGNAL NUMBER SIGNAL NUMBER SIGNAL NUMBER SIGNAL 
[ow ome | s | w | s [o | 16 | 9 | 7 | во | 
[3 [бел | s [ A |ә | wo | |ва s | sro | 
[зв [Гаю | » — e | л | мо | з | s | s | во | 
“з | eue | вз [м | 2 | aso | == | sr | «| вой 
Co _| se [ z [м | e _| мо | n [вн | o | вой 
эз | s [| 2 [| A | t | mo | 0 | ва | 2 | во | 
WISE ЕН ВН ш ЕН БЕЕН СНА э ер OE 
БЕНЕН ПИО БЕСТЕН НС ee ШЕ Oe ВИСТЕ en | 


boundary-control register 















The boundary-control register (BCR) is 11 bits long. The BCR is used in the context of the RUNT instruction to 
implement additional test operations not included in the basic SCOPE™ instruction set. Such operations include 
PRPG, PSA with input masking, and binary count up (COUNT). Table 4 shows the test operations that are 
decoded by the BCR. 


During Capture-DR, the contents of the BCR are not changed. At power up or in Test-Logic-Reset, the BCR is ` 
reset to the binary value 00000000010, which selects the PSA test operation with no input masking. 


The BCR order of scan is from TDI through bits 10-0 to TDO. Table 2 shows the BCR bits and their associated 
test Control signals. 


Table 2. Boundary-Control Register Configuration 


TEST TEST TEST 
НІНЕН CONTROL NUMBER CONTROL NUMBER CONTROL 
SIGNAL SIGNAL SIGNAL 
Го | was | s | мөм | z | oPconez 
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bypass register 


The bypass register is a 1-bit scan path that can be selected to shorten the length of the system scan path, 
thereby reducing the number of bits per test pattern that must be applied to complete a test operation. 


During Capture-DR, the bypass register captures a logic 0. The bypass register order of scan is shown in 
Figure 4. 


TDI TDO 


Figure 4. Bypass Register Order of Scan 


instruction-register opcode description 


The instruction-register opcodes are shown in Table 3. The following descriptions detail the operation of 
each instruction. 


Table 3. Instruction-Register Opcodes 


BINARY CODET 
BIT 7- BIT 0 SCOPE OPCODE DESCRIPTION SELECTED DATA 
REGISTER 
MSB — LSB 


шоо —| вт | мызы | Bypass — | Normal | 
[ооо —| вт | ры | Bypass | Normal | 























Г оно | вт | — баны [Bypass | Normal | 
ооо | aean | Boundaryread — | Boundaryscan | мота | 
[мое | вуғөб | Бур _____ — Bypass [ Normal | 





t Bit 7 is used to maintain even parity in the 8-bit instruction. 
t The BYPASS instruction is executed in lieu of a SCOPE™ instruction that is not supported in the 'ABT8652. 


boundary scan 


This instruction conforms to the IEEE Standard 1149.1-1990 EXTEST and INTEST instructions. The BSR is 
selected in the scan path. Data appearing at the device input terminals is captured in the input BSCs, while data 
appearing а the outputs of the normal on-chip logic is captured in the output BSCs. Data that has been scanned 
into the input BSCs is applied to the inputs of the normal on-chip logic, while data that has been scanned into 
the output BSCs is applied to the device output terminals. The device operates in the test mode. 
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bypass scan 


This instruction conforms to the IEEE Standard 1149.1-1990 BYPASS instruction. The bypass register is 
selected in the scan path. A logic O value is captured in the bypass register during Capture-DR. The device 
operates in the normal mode. 


sample boundary 


This instruction conforms to the IEEE Standard 1149.1-1990 SAMPLE/PRELOAD instruction. The BSR is 
selected in the scan path. Data appearing at the device input terminals is captured in the input BSCs, while data 
appearing at the outputs of the normal on-chip logic is captured in the output BSCs. The device operates in the 
normal mode. 


control boundary to high impedance 


This instruction conforms to the IEEE Standard 1149.1a-1993 HIGHZ instruction. The bypass register is 
selected in the scan path. A logic 0 value is captured in the bypass register during Capture-DR. The device 
operates in a modified test mode in which all device ИО terminals are placed in the high-impedance state, the 
device input terminals remain operational, and the normal on-chip logic function is performed. 


control boundary to 1/0 


This instruction conforms to the IEEE Standard 1149.1a-1993 CLAMP instruction. The bypass register is 
selected in the scan path. A logic O value is captured in the bypass register during Capture-DR. Data in the input 
BSCs is applied to the inputs of the normal on-chip logic, while data in the output BSCs is applied to the device 
output terminals. The device operates in the test mode. 


boundary run test 


The bypass register is selected in the scan path. A logic 0 value is captured in the bypass register during 
Capture-DR. The device operates in the test mode. The test operation specified in the BCR is executed during 
Run-Test/Idle. The five test operations decoded by the BCR are: sample inputs/toggle outputs (TOPSIP), 
PRPG, PSA, simultaneous PSA and PRPG (PSA/PRPG), and simultaneous PSA and binary count up 
(PSA/COUNT). 


boundary read 


The BSR is selected in the scan path. The value in the BSR remains unchanged during Capture-DR. This 
instruction is useful for inspecting data after a PSA operation. 


boundary self test 


The BSR is selected in the scan path. All BSCs capture the inverse of their current values during Capture-DR. 
In this way, the contents of the shadow latches can be read out to verify the integrity of both shift-register and 
shadow-latch elements of the BSR. The device operates in the normal mode. 


boundary toggle outputs 


The bypass register is selected in the scan path. A logic 0 value is captured in the bypass register during 
Capture-DR. Data in the shift-register elements of the selected output BSCs is toggled on each rising edge of 
ТСК in Run-Test/Idle, updated in the shadow latches, and applied to the associated device output terminals on 
each falling edge of ТСК іп Run-Test/ldle. Data in the selected input BSCs remains constant and is applied to 
the inputs of the normal on-chip logic. Data appearing at the device input terminals is not captured in the input 
BSCs. The device operates in the test mode. 


boundary-control-register scan 


The BCR is selected in the scan path. The value in the BCR remains unchanged during Capture-DR. This 
operation must be performed before a boundary-run test operation to specify which test operation is to 
be executed. 
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boundary-control-register opcode description 


The BCR opcodes are decoded from BCR bits 2-0 as shown in Table 4. The selected test operation is performed 
while the RUNT instruction is executed in the Run-Test/Idle state. The following descriptions detail the operation 
of each BCR instruction and illustrate the associated PSA and PRPG algorithms. 


Table 4. Boundary-Control Register Opcodes 


BINARY CODE 
BIT 2 > ВТО DESCRIPTION : 
MSB - LSB 


Sample inputs/toggle outputs (TOPSIP) 
Pseudo-random pattern generation/16-bit mode (PRPG) 


Simultaneous PSA and PRPG/8-bit mode (PSA/PRPG) 
Simultaneous PSA and binary count up/8-bit mode (PSA/COUNT) 





In general, while the control input BSCs (bits 37-32) are not included in the sample, toggle, PSA, PRPG, or 
COUNT algorithms, the output-enable BSCs (bits 37-36 of the BSR) do control the drive state (active or high 
impedance) of the selected device output terminals. These BCR instructions are valid only when the device is 
operating in one direction of data flow (that is, ОЕАВ = OEBA). Otherwise, the bypass instruction is operated. 


PSA input masking 


Bits 10-3 of the BCR specify device input terminals to be masked from PSA operations. Bit 10 selects masking 
for device input pin A8 during A-to-B data flow or for device input pin B8 during B-to-A data flow. Bit 3 selects 
masking for device input terminals A1 or B1 during A-to-B or B-to-A data flow, respectively. Bits intermediate 
to 10 and 3 mask corresponding device input terminals in order, from most significant to least significant, as 
indicated in Table 3. When the mask bit that corresponds to a particular device input has a logic 1 value, the 
device input pin is masked from any. PSA operation, i.e., the state of the device input pin is ignored and has no 
effect on the generated signature. Otherwise, when a mask bit has a logic 0 value, the corresponding device 
input is not masked from the PSA operation. 


sample inputs/toggle outputs (TOPSIP) 


Data appearing at the selected device input terminals is captured in the shift-register elements of the selected 
BSCs on each rising edge of TCK. This data is updated in the shadow latches of the selected input BSCs and 
applied to the inputs of the normal on-chip logic. Data in the shift-register elements of the selected output BSCs 
is toggled on each rising edge of TCK, updated in the shadow latches, and applied to the associated device 
output terminals on each falling edge of TCK. 





35 TEXAS 
INSTRUMENTS 


POST OFFICE BOX 655303 € DALLAS, TEXAS 75265 3-89 


SN54ABT8652, SN74ABT8652 
SCAN TEST DEVICES 
WITH OCTAL BUS TRANSCEIVERS AND REGISTERS 


SCBS122F ~ AUGUST 1992 - REVISED DECEMBER 1996 


pseudo-random pattern generation (PRPG) 


A pseudo-random pattern is generated in the shift-register elements of the selected BSCs on each rising edge 
of TCK, updated in the shadow latches, and applied to the associated device output terminals on each falling 
edge of TCK. This data also is updated in the shadow latches of the selected input BSCs and applied to the 
inputs of the normal on-chip logic. Figures 5 and 6 show the 16-bit linear-feedback shift-register algorithms 
through which the patterns are generated. An initial seed value should be scanned into the BSR before 
performing this operation. A seed value of all zeroes does not produce additional patterns. 


A8-I A7-l Аб-1 А5-І А4-1 АЗ-1 A2-I А1-І 





е 


В80 870 86-0 850 B40 взо B20 ВІО 
Figure 5. 16-Bit PRPG Configuration (OEAB = 1, OEBA = 1) 


В8-1 В7-1 B6-I В5-1 В4-І B3-I B2-I В1-І 





Ф J > |. А8-О AT-O A6-O A5-O A4-O A3-O A2-O А1-О 


Figure 6. 16-Bit PRPG Configuration (ОЕАВ = 0, ОЕВА = 0) 
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Data appearing at the selected device input terminals is compressed into a 16-bit parallel signature in the 
shift-register elements of the selected BSCs on each rising edge of TCK. This data is updated in the shadow 
latches of the selected input BSCs and applied to the inputs of the normal on-chip logic. Data in the shadow 
latches of the selected output BSCs remains constant andis applied to the device outputs. Figures 7 and 8 show 
the 16-bit linear-feedback shift-register algorithms through which the signature is generated. An initial seed 
value should be scanned into the BSR before performing this operation. 


А8-1 АТ-1 Аб-1 А5-1 Az АЗ-1 А2-1 А1-1 


МА5КХ 


МА5КХ 








Figure 8. 16-Bit PSA Configuration (ОЕАВ = 0, OEBA = 0) 
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simultaneous PSA and PRPG (PSA/PRPG) 


Data appearing at the selected device input terminals is compressed into an 8-bit parallel signature in the 
shift-register elements of the selected input BSCs on each rising edge of TCK. This data is updated in the 
shadow latches of the selected input BSCs and applied to the inputs of the normal on-chip logic. At the same 
time, an 8-bit pseudo-random pattern is generated in the shift-register elements of the selected output BSCs 
on each rising edge of TCK, updated in the shadow latches, and applied to the associated device output 
terminals on each falling edge of TCK. Figures 9 and 10 show the 8-bit linear-feedback shift-register algorithms 
through which the signature and patterns are generated. An initial seed value should be scanned into the BSR 
before performing this operation. A seed value of all zeroes does not produce additional patterns. 


А8-1 АТ-1 А6-І А5-І A4-l АЗ-1 А2-І А1-І 


МА5КХ 





© i J > B8-O B7-O B6-O B5-O B4-O B3-O B2-O B1-O 


Figure 9. 8-Bit PSA/PRPG Configuration (OEAB = 1, OEBA = 1) 





MASKX 





J > A8-O A7-O A6-O A5-O A4-0 `АЗ-О А2-О А1-О 


Figure 10. 8-Bit PSA/PRPG Configuration (ОЕАВ = 0, ОЕВА = 0) 
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simultaneous PSA and binary count up (PSA/COUNT) 


Data appearing at the selected device input terminals is compressed into an 8-bit parallel signature in the 
shift-register elements of the selected input BSCs on each rising edge of TCK. This data is updated in the 
shadow latches of the selected input BSCs and applied to the inputs of the normal on-chip logic. At the same 
time, an 8-bit binary count-up pattern is generated in the shift-register elements of the selected output BSCs 
on each rising edge of TCK, updated in the shadow latches, and applied to the associated device output 
terminals on each falling edge of TCK. In addition, the shift-register elements of the opposite output BSCs count 
carries out of the selected output BSCs extending the count to 16 bits. Figures 11 and 12 show the 8-bit 
linear-feedback shift-register algorithms through which the signature is generated. An initial seed value should 
be scanned into the BSR before performing this operation. 


A8-l AT-I А6-І А5-І А4-І A3-l А2-1 А141 


МАЅКХ 





= О0000004 


B8-O B7-O В6-0 B5-O B4-O 
Figure 11. 8-Bit PSA/COUNT Configuration (OEAB z 1, OEBA z 1) 


MASKX 





o о Сопопооб 


AT-O A6-O A3-O A2-O A1-O 
Figure 12. 8-Bit PSA/COUNT Configuration (OEAB z 0, OEBA z 0) 
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timing description 


All test operations of the 'ABT8652 are synchronous to ТСК. Data on the TDI, TMS, and normal-function inputs 
is captured on the rising edge of TCK. Data appears on the TDO and normal-function output terminals on the 
falling edge of TCK. The TAP controller is advanced through its states (as shown in Figure 2) by changing the 
value of TMS on the falling edge of TCK and then applying a rising edge to TCK. 


A simple timing example is shown in Figure 13. In this example, the TAP controller begins in the 
Test-Logic-Reset state and is advanced through its states as necessary to perform one instruction-register scan 
and one data-register scan. While in the Shift-IR and Shift-DR states, TDI is used to input serial data, and TDO 
is used to output serial data. The TAP controller is then returned to the Test-Logic-Reset state. Table 5 details 


the operation of the test circuitry during each TCK cycle. 
Test-Logic-Reset TMS is changed to a logic 0 value on the falling edge of TCK to begin advancing the TAP controller toward 


TOK 
CYCLE(S) 
the desired state. 
Run-Test/Idle 


Table 5. Explanation of Timing Example 


TAP STATE 
AFTER TCK DESCRIPTION 
























з оо 
E 
Shift-IR TDO becomes active and TD! is made valid on the falling edge of TCK. The first bit is shifted into the TAP 
on the rising edge of TCK as the TAP controller advances to the next state. 
Onebitis shifted into the IR on each TCK rising edge. With TDI held at a logic 1 value, the 8-bit binary value 
7-13 Shift-IR 
| ТСК cycle. The last bit of the instruction is shifted as the TAP controller advances from Shift-IR to Exitt-IR. 
| 4 | ЕВО | TDO becomes inactive (goes to the high-impedance state) on the falling edge of TCK 
The bypass register captures a logic 0 value on the rising edge of TCK as the TAP controller exits the 
Capture-DR Capture-DR state. 
[o | oem | 
| 2 | Update-DR In general, the selected data register is updated with the new data on the falling edge of TCK 
| 


Capture-IR The IR captures the 8-bit binary value 10000001 on thə rising edge of TCK as the TAP controller exits the 
piure Capture-IR state. 
11111111 is serially scannedinto the IR. Atthe same time, the 8-bit binary value 10000001 is serially scanned 
out of the IR via TDO. In TCK cycle 13, TMS is changed to a logic 1 value to end the IR scan on the next 
| 15 |  Update-IR | The IR is updated with the new instruction (BYPASS) on the falling edge of ТСК. 

P16 [sSexpR&m | O C O 
TDO becomes active and TDI is made valid on the falling edge of TCK. The first bit is shifted into the TAP 
on the rising edge of TCK as the TAP controller advances to the next state. 

19-20 | — Shift-DR “| The binary value 101 is shifted in via TDI, while the binary value 010 is shifted out ма TDO. 
TDO becomes inactive (goes to the high-impedance state) on the falling edge of TCK. 

а [seansa ОО 

| 25 | Test-Logic-Reset | Test operation completed 
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1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18 19 20 21 22 23 24 25 


TMS | | | | | | 





то! 

TDO 2 1%%%%%%%% %%%%%%%% 
$98 Е = | 2 |5|5 5 551515818 
21818188 Е 5131831 = Е 

"P || |е |Z 5 EIIE Е ЗЕ Це Е 

Controller : |91218 S IQ е шъ са + [5 
9 515 | е |° 518 > в | е |е 

State => |Е | 2 |5 8 81813 
E $97 $ 898 
С Е 


5% 3-State (ТОО) ог Don't Care (TDI) 


Figure 13. Timing Example 

absolute maximum ratings over operating free-air temperature range (unless otherwise поїеа)ї 
Supply voltage range, VCG .......................................................... -0.5 Vto 7 V 
Input voltage range, Vi: except I/O ports (see Note 1) .................................. -0.5Vto7V 
VO ports (see Noto ја ла reme PE EI ERE VI ai Ы -0.5У105.5У 
Voltage range applied to any output in the high state or power-off state, Vo .............. —0.5 V to 5.5 V 
Current into any output in the low state, lo: $№54АВТ8652 ................................... 96 mA 
SN/AABTS652. usce RISE Ue E a 128 mA 
Input clamp current, Пр с 5а бұ дана RE ааа ана ал FRA SES —18 mA 
Output clamp current, lok (Vo Оу: Ue АБА I EO ee ee Rama dH se pP ES —50 mA 
Maximum package power dissipation at TA = 55°C (in still air) (see Note 2): DL package ........... 0.7 W 
DW package .......... 1.7W 
Storage temperature range, Tstg ......-................. nemine nnne enn —65°С to 150°C 


T Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1. The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 

2. The maximum package power dissipation is calculated using a junction temperature of 150°C and а board trace length of 750 mils. 
For more information, refer to the Package Thermal Considerations application note in the ABT Advanced BiCMOS Technology Data 
Book, literature number 5СВО002. 


recommended operating conditions (see Note 3) 











SN54ABT8652 | SN74ABT8652 
[ MN MAX| MN МА “МТ 


[Voc sæ [45 вера s= V — 
ин Hiohlevelinputvotage — ОЕ T — ОИ 
оноо ОО ООС у 
Гон нча ава 
о. Lowievelouputeurent ИС | та 
ући при wanstion rse ortara ооу 
| ТА рев егінетееие |8 s| o sje 


КОТЕ 3: Unused pins (input or ИО) must be held high ог low to prevent them from floating. 











45 TEXAS 
INSTRUMENTS 


.POST OFFICE BOX 655303 Ф DALLAS, TEXAS 75265 3-95 


SN54ABT8652, SN74ABT8652 
SCAN TEST DEVICES 
WITH OCTAL BUS TRANSCEIVERS AND REGISTERS 


SCBS122F - AUGUST 1992 - REVISED DECEMBER 1996 


electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 


Ta = 25°C SN54ABT8652 | SN74ABT8652 
PARAMETER TEST CONDITIONS UNIT 
















| MN ТҮРЕ МАХ] Мы МАХ| мно МАХ] 
Voo=45V, ааа | — О L vj 
Voc = 45V, ЮНА ЗА | 25 | 25 | 25 | 
Мести она | 3 — | 3 T + | 
VoH V 
онечита | 2 2 | 2; КЕННЕН 
Voc = 4.5 V 
юн-52тА | z — И 2 
отат | 0 о | 
VOL Voc = 4.5 V V 
оет | 08 — [055 
CLK, OEAB 
AEE e те ы +1 +1 
їн [m.s —[Voo-55V ио | — — | of ofa 
| lj. — | TDI, TMS Voc = 55V, V| = GND -40 -160| -40 -160| -40 -160 
s Voo=85V, моту | — S| so sfa] 
ion Места voos | ә) 60] | 
CO eee a 
iOzPD Voo=2Vt00,Vo=05Ver27V 
Mot |Мес-о Viervosasv | so) — [| ojm 
сех [Oupuistigh [Voc=58V,Vo-ssv — | — — | ОИС ОР 
|l |Мссе55М, Vo =2.5V -50 -100 -180| -50 -180| -50 -180 





мосебем (мені | — оз: 24-74 
со [лаври |о-а foupusiow ОЕ ОЕ — s| па 
| VizVocerND |оциваын | ___оа 2| — 2| — — ?| 
о ОИ 0 ы s" 
[c |оның вно 
ЕТ КРТ — | ът ОИ ОИ ве | 
| то овоа 


* On products compliant to MIL-PRF-38535, this parameter does пої apply. 

t Ali typical values are at Усс = 5 V. 

+ The parameters lozH and loz include the input leakage current. 

§ Not more than one output should be tested at a time, and the duration of the test should not exceed one second. 

1 This is the increase in supply current for each input that is at the specified TTL voltage level rather than Voc or GND. 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (normal mode) (see Figure 14) 


SN54ABT8652 | SN74ABT8652 
| MN MAX| MN ма" 


(dock Clock requency CLKAB or CLKBA Го №] о | мы | 
CLKAB or CLKBA high or ow а волан UN 
A balore CLKABT or B betore CLKBAT | s1 | + | rs | 

th Hold time A after CLKABT or В after CLKBAT | 05 | о | n | 


timing requirements over recommended ranges of supply voltage and operating free-air 
` temperature (unless otherwise noted) (test mode) (see Figure 14) 


SN54ABT8652 | SN74ABT8652 
| MN MAX| MN мах “МТ 


(оси Соокедието 0 0] o војне | 


























A B. CLK, OEAB, ОВА огнот |6 
ыы беріле | Торо [в [в 
Imswtert СИ ИСИ 
A 8, CLK, OEAB, OEBA,orSaterToxT | 09 | o | 
mem ри [3 
ВЕ fo — | o —— 
Fu Dem оноро — — | ви | s [j 
„ = СИ ОИ МООИ НИ 


5 m products compliant to MIL-PRF-38535, this parameter is not production tested. 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (normal mode) (see Figure 14) 


|  SNS4ABT8652 | 
FROM то оү — 5V, 
PARAMETER (INPUT) (OUTPUT) MAE 25°C UNIT 
| мм ТҮР МАХ 
MHz 


CLKAB or CLKBA = 


тоз 
—— 
| но | 3.5 4.4 1.5 5.8 


tPLH 5.3 2.5 6.3 
CLKAB ог СКВА BorA 
tPHL Сава 25 67 
48 641 
pn = SAB or SBA BorA 
Н O 2 47 67 
17 44 54] 17 67 
qu OEAB or OEBA BorA 
| Ра | | „2 62 - 62) 2 16 
=== 
sss CEN OEAB or OEBA Bor À 





switching characteristics over recommended ranges of supply voliage and operating free-air 
temperature (unless otherwise noted) (normal mode) (see Figure 14) 


П. SN74ABT8652 O] 
FROM TO ЕЕ НИ 5 V, 
PARAMETER (INPUT) (OUTPUT) EM 25°C UNIT 
TYP e м] 
| MHz | 


|_____|пах | CLKABorCLKBA 
37 45 — m = 
з= =—= Aor B BorA 
| 'PHL | 1.5 3.5 4.4 1.5 5.5 
И 25 44 53 
CLKAB ог CLKBA BorA 
tPHL 2.5 4.3 5.2 2.5 6.2 


2 48 6 
DEER РЫБ SAB or SBA BorA 
ee eee 2 47 59 



















— — | < БЕЗІ! = = 
OEAB or OEBA Bor A 
| jz | | 2 52 62| 2 75 
г | 2 59 69] 2 79 
ЕА OEAB or OEBA BorA 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (test mode) (see Figure 14) 


| 9М54АВТ8652 | 
FROM TO Усс = — pim 
PARAMETER (INPUT) (OUTPUT) EL 25°C UNIT 
| мм ТҮР МАХ ч = E 
| MHz | 




















= 

t 3.5 0ш 3. 13.7 

ae ae TCKL AorB с 

tPHL Lag apa 

| T 
m 

т — ај NEA 
48 82 os| 43 15 

А-а-а TCKL AorB 

|____ра | 4.5 9 105] 45 135 

ey o x | 25 43 55] 25 7| 

== aa TCKL 

Em Са 9 в 25 те 
за ва те es М 

РНА ток} AorB 
= = зов ws| 3 ms 

— — 3 59 7 
Taie 

3 5 65 


switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (test mode) (see Figure 14) 


Г. 5М74АВТ862 || 
FROM To Үсс- VLL 
PARAMETER (INPUT) (OUTPUT) ctis 25°C UNIT 
мн лғ м ЕЕЗ 
| MHz | 


—— 515—7 
са E теку AorB 
| р | 3 7.7 9 3 115 
25 43 55| 25 65 
ae ток} 
| тш) 25 42 55| 25 65| 


I x fH  — | 45 82 95] 45 12 

s ее TCKL AorB 

іргі. 4.5 9 10.5 4.5 13 
|25 43 55| 25 65 

РЕН TCKL 

tPZL 2.5 7 


35 84 105| 35 135| 
РНА тек: 
Lu sp s 


з о 7| 3 ве 
Съ s 68| 3 78) 
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PARAMETER MEASUREMENT INFORMATION 





5 7V 
O Open 
From Output p 
Under Test GND ! 
C, =50 pF пари 
L- tPLZ/tPzL 
(see Note A) ' tPHZ/IPZH 


LOAD CIRCUIT 


s ЗУ 
Timing Input iv 
А------- оу 
——— ty — —h мэк —э 
| | tsu th 


| | зу | ll 
Input | | 3v 
npu 1.5 V 15V - Data Input Mm 
ov оу 


VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS 
PULSE DURATION SETUP AND HOLD TIMES 
3v 3v 
| | ov Control | | оу 
| | «>»: Рад ^ — M— | 
| | Lec Vo Койшан, E hie ki We 3.5V 
Z | X 5V aveform I 15V 
Output | 15V | 1 Е S1at7V | | VoL +0.3V Vir 
| OL (see Note B) 
| |4—>!— tPLH : | рін |+ 
tPHL —— | їр2н Э] б | 
| | 


Ошри 


Уон l МОН 
=== ` / meu Waveform 2 / X Мон -0.3 V 


——-— VoL (see Note B) 


VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES ENABLE AND DISABLE TIMES 
INVERTING AND NONINVERTING OUTPUTS LOW- AND HIGH-LEVEL ENABLING 


NOTES: A. Cj includes probe and jig capacitance. 
B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 
C. All input pulses are supplied by generators having the following characteristics: PRR < 10 MHz, Zo = 50 Q, tr < 2.5 ns, # < 2.5 ns. 
D. The outputs are measured one at a time with one transition per measurement. 


Figure 14. Load Circuit and Voltage Waveforms 
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е Members of the Texas Instruments SN54ABT8952... JT PACKAGE 
SCOPE" Family of Testability Products AE re PACKAGE 


€ Compatible With the IEEE Standard 
1149.1-1990 (JTAG) Test Access Port and 
Boundary-Scan Architecture 






CLKAB [| 1 28] CLKBA 
CLKENAB Ц2 27 | CLKENBA 


е Functionally Equivalent to 'BCT2952 and OEAB П з 26 | OEBA 
'АВТ2952 in the Normal-Function Mode Аз [4 25Й B1 

е SCOPE тн Instruction Set А215 2411 B2 

@ |ЕЕЕ Standard 1149.1-1990 Required АзЦ6 23) B3 
Instructions, Optional INTEST, CLAMP, and GND 07 22 | B4 
HIGHZ А4 Цв 211 Усс 

© Parallel-Signature Analysis а Inputs With АБЦе 2011 BS 


Masking Option АбЦт0 19| B6 


€ Pseudo-Random Pattern Generation From АВ 12 170 вв 
Outputs тооЦз 16 TDI 

е Sample Inputs/Toggle Outputs тм 4 1511 TCK 

е Binary Count From Outputs 

=. Even Кашу ерсерее SN54ABT8952... ЕК PACKAGE 

© Two Boundary-Scan Cells Per I/O for (TOP VIEW) 
Greater Flexibility | 

€ State-of-the-Art EP/C-IIB™ BICMOS Design 


Significantly Reduces Power Dissipation 


@ Package Options Include Shrink 
Small-Outline (DL) and Plastic 
Small-Outline (DW) Packages, Ceramic 
Chip Carriers (FK), and Standard Ceramic 
DIPs (JT) 


description 


The 'ABT8952 scan test devices with octal LLL 
registered bus transceivers are members of the заса< << 
Texas Instruments SCOPE™ testability о 
integrated-circuit family. This family of devices 

supports IEEE Standard 1149.1-1990 boundary 

scan to facilitate testing of complex circuit-board 

assemblies. Scan access to the test circuitry is 

accomplished via the 4-wire test access port 

(TAP) interface. 


In the normal mode, these devices are functionally equivalent to the 'BCT2952 and "АВТ2952 octal registered 
bus transceivers. The test circuitry can be activated by the TAP to take snapshot samples of the data appearing 
at the device pins or to perform a self-test on the boundary-test cells. Activating the ТАР in normal mode does 
not affect the functional operation of the SCOPE™ octal registered bus transceivers. 





SCOPE and EPIC-IIB are trademarks of Texas Instruments Incorporated. 





UNLESS OTHERWISE NOTED this document contains PRODUCTION Copyright © 1996, Texas Instruments Incorporated 


Е X Ti CER AR EK RT cnn 
. uniéss otherwise no п ай other pr uction 
аа. processing does not necessarily Include testing of al EXAS processing does not necessarily Include (ва па of ali pu parameters. 
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description (continued) 


Data flow in each direction is controlled by clock (CLKAB and CLKBA), clock-enable (CLKENAB and 
CLKENBA), and output-enable (OEAB and OEBA) inputs. For A-to-B data flow, A-bus data is stored in the 
associated registers on the low-to-high transition of CLKAB, provided that CLKENAB is low. Otherwise, if 
CLKENAB is high or CLKAB remains at a static low or high level, the register contents are not changed. When 
OEAB is low, the B outputs are active. When OEAB is high, the B outputs are in the high-impedance state. 
Control for B-to-A data flow is similar to that for A-to-B, but uses CLKBA, CLKENBA, and OEBA. 


In the test mode, the normal operation of the SCOPE™ registered bus transceivers is inhibited, and the test 
circuitry is enabled to observe and control the I/O boundary of the device. When enabled, the test circuitry 
performs boundary-scan test operations as described in IEEE Standard 1149.1-1990. 

















Four dedicated test pins control the operation of the test circuitry: test data input (TDI), test data output (TDO), 
test mode select (TMS), and test clock (TCK). Additionally, the test circuitry performs other testing functions 
such as parallel signature analysis (PSA) on data inputs and pseudo-random pattern generation (PRPG) from 
data outputs. All testing and scan operations are synchronized to the TAP interface. 


Тһе SN54ABT8952 is characterized for operation over the full military temperature range of -55°C to 125°C. 
The SN74ABT8982 is characterized for operation from —40°С to 85°C. 


FUNCTION TABLET 
(normal mode, each register) 


INPUTS OUTPUT 
OEAB CLKENAB CLKAB A 





t A-to-B data flow is shown; B-to-A data flow is similar 
but uses OEBA, CLKENBA, and CLKBA. 
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functional block diagram 





Boundary-Scan Register 





OEBA 26 


CLKENBA -27 


сіква -28 


OEAB 


CLKENAB 


1 


> 
> 
> 
—pD 
» 
> 


_ CLKAB 


| 
| 
| 
| 
| 
Ј 


А1 


~ 

а 
ш 
- 


А 





Bypass Register 
i у 
Register 
Vec — d 
то! 183 - Instruction Register 





Усс prem 
14 
TMS > 
ТАР 
15 Controller 
TCK > 


Pin numbers shown are for the DL, DW, and JT packages. 
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Terminal Functions 


TERMINAL 
NAME DESCRIPTION 


А1-А8 Normal-function A-bus ИО ports. See function table for normal-mode logic. 
В1-в8 Normal-function B-bus ИО ports. See function table for normal-mode logic. 












CLKAB, CLKBA Normal-function clock inputs. See function table for normal-mode logic 
CLKENAB, CLKENBA | Normal-function clock-enable inputs. See function table for normal-mode logic. 
Normal-function output-enable inputs. See function table for normal-mode logic. 


Test clock. One of four pins required by IEEE Standard 1149.1-1990. Test operations of the device are synchronous 
to TCK. Data is captured on the rising edge of TCK and outputs change on the falling edge of TCK. 


Test data input. One of four pins required by IEEE Standard 1149.1-1990. TDI is the serial input for shifting data 
through the instruction register or selected data register. An internal pullup forces TDI to a high level if left 
unconnected. 


Test data output. One of four pins required by IEEE Standard 1149.1-1990. TDO is the serial output for shifting data 
through the instruction register or selected data register. 


Test mode select. One of four pins required by IEEE Standard 1149.1-1990. TMS directs the device through its TAP 



























controller states. An internal pullup forces TMS to a high level if left unconnected. 


OEAB, OEBA 


Supply voltage 
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test architecture 


Serial-test information is conveyed by means of a 4-wire test bus or TAP, that conforms to IEEE Standard 
1149.1-1990. Test instructions, test data, and test control signals all are passed along this serial-test bus. The 
TAP controller monitors two signals from the test bus, namely TCK and TMS. The TAP controller extracts the 
synchronization (TCK) and state control (TMS) signals from the test bus and generates the appropriate on-chip 
control signals for the test structures in the device. Figure 1 shows the TAP-controller state diagram. 


The TAP controller is fully synchronous to the TCK signal. Input data is captured on the rising edge of TCK and 
output data changes on the falling edge of TCK. This scheme ensures data to be captured is valid for fully 
one-half of the TCK cycle. 


The functional block diagram illustrates the IEEE Standard 1149.1-1990 4-wire test bus and boundary-scan 
architecture and the relationship among the test bus, the TAP controller, and the test registers. As illustrated, 
the device contains an 8-bit instruction register and three test-data registers: a 38-bit boundary-scan register, 
an 11-bit boundary-control register, and a 1-bit bypass register. 


Test-Logic-Reset 






TMS =H 






Select-DR-Scan 


== 
с Pause-DR 
Update-DR 


Figure 1. TAP-Controller State Diagram 


Run-Test/Idle 


Select-IR-Scan 


TMS =L 


Capture-IR 













TMS=L 
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state diagram description 


The TAP controller is a synchronous finite state machine that provides test control signals throughout the device. 
The state diagram shown in Figure 1 is in accordance with IEEE Standard 1149.1-1990. The TAP controller 
proceeds through its states based on the level of TMS at the rising edge of TCK. 


As shown, the TAP controller consists of 16 states. There are six stable states (indicated by a looping arrow in 
the state diagram) and ten unstable states. A stable state as a state the TAP controller can retain for consecutive 
TCK cycles. Any state that does not meet this criterion is an unstable state. 


There are two main paths through the state diagram: one to access and control the selected data register and 
one to access and control the instruction register. Only one register can be accessed at a time. 


Test-Logic-Reset 


The device powers up in the Test-Logic-Reset state. In the stable Test-Logic-Reset state, the test logic is reset 
and is disabled so that the normal logic function of the device is performed. The instruction register is reset to 
an opcode that selects the optional IDCODE instruction, if supported, or the BYPASS instruction. Certain data 
registers also can be reset to their power-up values. 


The state machine is constructed such that the TAP controller returns to the Test-Logic-Reset state in no more 
than five TCK cycles if TMS is left high. The TMS pin has an internal pullup resistor that forces it high if left 
unconnected or if a board defect causes it to be open circuited. 


For the "АВТ8952, the instruction register is reset to the binary value 11111111, which selects the BYPASS 
instruction. Each bit in the boundary-scan register is reset to logic 0 except bits 37-36, which are reset о logic 1. 
The boundary-control register is reset to the binary value 00000000010, which selects the PSA test operation 
with no input masking. 


Run-TesUldle 


The TAP controller must pass through the Run-Test/Idle state (from Test-Logic-Reset) before executing any test 
operations. The Run-Test/ldle state also сап be entered following data-register or instruction-register scans. 
Run-Test/ldle is a stable state in which the test logic can be actively running a test or can be idle. 


The test operations selected by the boundary-control register are performed while the TAP controller is in the 
Run-Test/dle state. 


Select-DR-Scan, Select-IR-Scan 


No specific function is performed in the Select-DR-Scan and Select-IR-Scan states, and the TAP controller exits 
either of these states on the next TCK cycle. These states allow the selection of either data-register scan or 
instruction-register scan. 


Capture-DR 


When a data-register scan is selected, the TAP controller must pass through the Capture-DR state. In the 
Capture-DR state, the selected data register can capture a data value as specified by the current instruction. 
Such capture operations occur on the rising edge of TCK, upon which the TAP controller exits the 
Capture-DR state. 


Shift-DR 


Upon entry to the Shift-DR state, the data register is placed in the scan path between TDI and TDO and, on the 
first falling edge of TCK, TDO goes from the high-impedance state to an active state. TDO enables to the logic 
level present in the least-significant bit of the selected data register. 


While in the stable Shift-DR state, data is serially shifted through the selected data register on each TCK cycle. 
The first shift occurs on the first rising edge of TCK after entry to the Shift-DR state (i.e., no shifting occurs during 
the TCK cycle in which the TAP controller changes from Capture-DR to Shift-DR or from Exit2-DR to Shift-DR). 
The last shift occurs on the rising edge of TCK, upon which the TAP controller exits the Shift-DR state. 
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Exit1-DR, Exit2-DR 


The Exit1-DR and Exit2-DR states are temporary states that end a data-register scan. It is possible to return 
to the Shift-DR state from either Exit1-DR or Exit2-DR without recapturing the data register. 


On the first falling edge of TCK after entry to Exit1-DR, TDO goes from the active state to the 
high-impedance state. 


Pause-DR 


No specific function is performed in the stable Pause-DR state, in which the TAP controller can remain 
indefinitely. The Pause-DR state suspends and resumes data-register scan operations without loss of data. 


Update-DR 


If the current instruction calls for the selected data register to be updated with current data, then such update 
occurs on the falling edge of TCK, following entry to the Update-DR state. 


Capture-IR 


When an instruction-register scan is selected, the TAP controller must pass through the Capture-IR state. In 
the Capture-IR state, the instruction register captures its current status value. This capture operation occurs 
on the rising edge of TCK, upon which the TAP controller exits the Capture-IR state. 


For the 'ABT8952, the status value loaded in the Capture-IR state is the fixed binary value 10000001. 
Shift-IR 


Upon entry to the Shift-IR state, the instruction register is placed in the scan path between TDI and TDO and, 
on the first falling edge of TCK, TDO goes from the high-impedance state to an active state. TDO enables to 
the logic level present in the least-significant bit of the instruction register. 


While in the stable Shift-IR state, instruction data is serially shifted through the instruction register on each TCK 

cycle. The first shift occurs on the first rising edge of TCK after entry to the Shift-IR state (i.e., no shifting occurs 

during the TCK cycle in which the TAP controller changes from Capture-IR to Shift-IR or from Exit2-IR to 

Shift-IR). The last shift occurs on the rising edge of TCK, upon which the TAP controller exits the Shift-IR state. 
Exit1-IR, Exit2-IR 

The Exit1-IR and Exit2-IR states are temporary states that end an instruction-register scan. It is possible to 

return to the Shift-IR state from either Exitt-IR or Exit2-IR without recapturing the instruction register. 


On the first falling edge of TCK after entry to Exiti-IR, TDO goes from the active state to the 
high-impedance state. | 


Pause-IR 


No specific function is performed in the stable Pause-IR state, in which the TAP controller can remain 
indefinitely. The Pause-IR state suspends and resumes instruction-register scan operations without loss 
of data. 


: Update-IR 


The current instruction is updated and takes effect on the falling edge of TCK, following entry to the 
Update-IR state. 
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register overview 


With the exception of the bypass register, any test register can be thought of as a serial-shift register with a 
shadow latch on each bit. The bypass register differs in that it contains only a shift register. During the 
appropriate capture state (Capture-IR for instruction register, Capture-DR for data registers), the shift register 
can be paralle! loaded from a source specified by the current instruction. During the appropriate shift state 
(Shift-IR or Shift-DR), the contents of the shift register are shifted out from TDO while new contents are shifted 
in at TDI. During the appropriate update state (Update-IR or Update-DR), the shadow latches are updated from 
the shift register. 


instruction register description 


The instruction register (IR) is eight bits long and tells the device what instruction is to be executed. Information 
contained in the instruction includes the mode of operation (either normal mode, in which the device performs 
its normal logic function, or test mode, in which the normal logic function is inhibited or altered), the test operation 
to be performed, which of the three data registers is to be selected for inclusion in the scan path during 
data-register scans, and the source of data to be captured into the selected data register during Capture-DR. 


Table 3 lists the instructions supported by the 'ABT8952. The even-parity feature specified for SCOPE™ devices 
is supported in this device. Bit 7 of the instruction opcode is the parity bit. Any instructions that are defined for 
SCOPE"" devices but are not supported by this device default to BYPASS. 


During Capture-IR, the IR captures the binary value 10000001. As an instruction is shifted in, this value is shifted 
out via TDO and can be inspected as verification that the IR is in the scan path. During Update-IR, the value 
that has been shifted into the IR is loaded into shadow latches. At this time, the current instruction is updated, 
and any specified mode change takes effect. At power up or in the Test-Logic-Reset state, the IR is reset to the 
binary value 11111111, which selects the BYPASS instruction. The IR order of scan is shown in Figure 2. 


BIt7 
TDI Parlty qu TDO 
(MSB) (LSB) 


Figure 2. Instruction Register Order of Scan 
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data register description 


boundary-scan register 


The boundary-scan register (BSR) is 38 bits long. It contains one boundary-scan cell (BSC) for each 
normal-function input pin and two BSCs for each normal-function ИО pin (one for input data and one for output 
data). The BSR is used 1) to store test data that is to be applied internally to the inputs of the normal on-chip 
logic and/or externally to the device output pins, and/or 2) to capture data that appears internally at the outputs 
of the normal on-chip logic and/or externally at the device input pins. 


The source of data to be captured into the BSR during Capture-DR is determined by the current instruction. The 
contents of the BSR can change during Run-Test/Idle as determined by the current instruction. At power up or 
in Test-Logic-Reset, the value of each BSC is reset to logic 0 except BSCs 37-36, which are reset to logic 1. 


The BSR order of scan is from TDI through bits 37-0 to ТОО. Table 1 shows the BSR bits and their associated 
device pin signals. 


Table 1. Boundary-Scan Register Configuration 


NUMBER SIGNAL NUMBER SIGNAL NUMBER SIGNAL NUMBER SIGNAL NUMBER SIGNAL 
Па | a | m [e | 6 | ва | 7 | во 
[se | sk | s | м [ 2 | we | ú [ s [ s | во | 
cues | | ^ ШЕГІНЕН Сва 
Greg | 2 | м [з 
БЕГЕН 

ЕШ 

ШЕГЕН 






EA 


О 
о 

















Ссокеква | ® | an | 
= в мн | т 
ee мк 





35 TEXAS 
INSTRUMENTS 


POST OFFICE BOX 655303 # DALLAS, TEXAS 75265 3-109 


SN54ABT8952, SN74ABT8952 


SCA 


N TEST DEVICES WITH ` 


OCTAL REGISTERED BUS TRANSCEIVERS 


SCBS121D – AUGUST 1992 - REVISED JULY 1996 . 


boundary-control register 


bypa 


The boundary-control register (BCR) is 11 bits long. The BCR is used іп the context of the RUNT instruction to 
implement additional test operations not included in the basic SCOPE" instruction set. Such operations include 
PRPG, PSA with input masking, and binary count up (COUNT). Table 4 shows the test operations that are 
decoded by the BCR. 


During Capture-DR, the contents of the BCR are not changed. At power up or in Test-Logic-Reset, the BCR is 
reset to the binary value 00000000010, which selects the PSA test operation with no input masking. 


The BCR order of scan is from TDI through bits 10—0 to ТОО. Table 2 shows the BCR bits and their associated 
test contro! signals. 


Table 2. Boundary-Control Register Configuration 


TEST TE 
в 2100 СД 
SIGNAL SIGNAL SIGNAL 
Го wee | s | мөн | 2 | ороорег | 
[о | wee | s | mse | + | орсооет | 
а | mse | + | mase | o [ оғсооео | 


[— wee [ s | ms L — L — J 












ss register 


The bypass register is a 1-bit scan path that can be selected to shorten the length of the system scan path, 
thereby reducing the number of bits per test pattern that must be applied to complete a test operation. 


During Capture-DR, the bypass register captures a logic 0. The bypass register order of scan is shown in 
Figure 3. 


Figure 3. Bypass Register Order of Scan 
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instruction-register opcode description 


The instruction-register opcodes are shown in Table 3. The following descriptions detail the operation of 
each instruction. 


Table 3. Instruction-Register Opcodes 


BINARY CODET 
BIT 7 > BIT 0 SCOPE OPCODE DESCRIPTION SELECTED DATA 
REGISTER 
MSB — LSB 


Г 1009: | вт — | — Bypassscan | бра ___| Normal | 
Г ‘оо | SAWPLEPRELOAD | — Sampebonday — | Boundary scan | Мота | 
оооп | вже | — 8ypassscan [Вз — | Мота | 
[100 | ве | — Bveasssen | ___Бурша ___| Normal | 
ойлоо | пом | — бөлеуге — — | Boundary scan | Мота | 
Г ню [бїт | Boundary sertes | Boundary scan | Кота | 
| 
[ ioo — | — SCANCN | __Boundan-oontrol register scan — | Boundary сото | Normal | 
[alters — | 8 — | Ома | — Bes ___ Normal | 


t Bit 7 is used to maintain even parity in the 8-bit instruction. 
t The BYPASS instruction is executed in lieu of a SCOPE" instruction that is not supported in the 'ABT8952. 
















boundary scan 


This instruction conforms to the IEEE Standard 1149.1-1990 EXTEST and INTEST instructions. The BSR is · 
selected in the scan path. Data appearing at the device input pins is captured in the input BSCs, while data 
appearing at the outputs of the normal on-chip logic is captured in the output BSCs. Data that has been scanned 
into the input BSCs is applied to the inputs of the normal on-chip logic, while data that has been scanned into 
the output BSCs is applied to the device output pins. The device operates in the test mode. 


bypass scan 


This instruction conforms to the IEEE Standard 1149.1-1990 BYPASS instruction. The bypass register is 
selected in the scan path. A logic 0 value is captured in the bypass register during Capture-DR. The device 
operates in the normal mode. 


sample boundary 


This instruction conforms to the IEEE Standard 1149.1-1990 SAMPLE/PRELOAD instruction. The BSR is 
selected in the scan path. Data appearing at the device input pins is captured in the input BSCs, while data 
appearing at the outputs of the normal on-chip logic is captured in the output BSCs. The device operates in the 
normal mode. 
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control boundary to high impedance 


This instruction conforms to the IEEE Standard 1149.1a-1993 HIGHZ instruction. The bypass register is 
selected in the scan path. A logic 0 value is captured in the bypass register during Capture-DR. The device 
operates in a modified test mode in which all device I/O pins are placed in the high-impedance state, the device 
input pins remain operational, and the normal on-chip logic function is performed. 


control boundary to 1/0 


This instruction conforms to the IEEE Standard 1149.1a-1993 CLAMP instruction. The bypass register is 
selected in the scan path. A logic 0 value is captured in the bypass register during Capture-DR. Data in the input 
BSCs is applied to the inputs of the normal on-chip logic, while data in the output BSCs is applied to the device 
output pins. The device operates in the test mode. 


boundary run test 


The bypass register is selected in the scan path. A logic 0 value is captured in the bypass register during 
Capture-DR. The device operates in the test mode. The test operation specified in the BCR is executed during 
Run-Test/Idle. The five test operations decoded by the BCR are: sample inputs/toggle outputs (TOPSIP), 
PRPG, PSA, simultaneous PSA and PRPG (PSA/PRPG), and simultaneous PSA and binary count up 
(PSA/COUNT). 


boundary read 


The BSR is selected in the scan path. The value in the BSR remains unchanged during Capture-DR. This 
instruction is useful for inspecting data after a PSA operation. 


boundary self test 


The BSR is selected in the scan path. All BSCs capture the inverse of their current values during Capture-DR. 
In this way, the contents of the shadow latches can be read out to verify the integrity of both shift-register and 
shadow-latch elements of the BSR. The device operates in the normal mode. 


boundary toggle outputs 


The bypass register is selected in the scan path. A logic 0 value is captured in the bypass register during 
Capture-DR. Data in the shift-register elements of the selected output BSCs is toggled on each rising edge of 
ТСКіп Run-Test/ldle, updated in the shadow latches, and applied to the associated device output pins on each 
falling edge of ТСК in Run-Test/Idle. Data in the selected input BSCs remains constant and is applied to the 
inputs of the normal on-chip logic. Data appearing at the device input pins is not captured in the input BSCs. 
The device operates in the test mode. 


boundary-control-register scan 


The BCR is selected in the scan path. The value in the BCR remains unchanged during Capture-DR. This 
operation must be performed before a boundary run test operation to specify which test operation is to be 
executed. 
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boundary-control register opcode description 


The BCR opcodes are decoded from BCR bits 2-0 as shown in Table 4. The selected test operation is performed 
while the RUNT instruction is executed in the Run-Test/Idle state. The following descriptions detail the operation 
of each BCR instruction and illustrate the associated PSA and PRPG algorithms. 


Table 4. Boundary-Control Register Opcodes 


BINARY CODE 
BIT 25 BITO DESCRIPTION 
MSB > LSB 


Sample inputs/toggle outputs (TOPSIP) 
Pseudo-random pattern generation/16-bit mode (PRPG) 


Simultaneous PSA and PRPG/8-bit mode (PSA/PRPG) 
Simultaneous PSA and binary count up/8-bit mode (PSA/COUNT) 


In general, while the cc .. ol input BSCs (bits 37-32) are not included in the sample, toggle, PSA, PRPG, or 
COUNT algorithms, the uutput-enable BSCs (bits 37-36 of the BSR) do control the drive state (active or high 
impedance) of the selected device output pins. These BCR instructions are valid only when the device is 





| 
| 
i 








operating in one direction of data flow (that is, OEAB » OEBA). Otherwise, the bypass instruction is operated. 
PSA input masking 


Bits 10-3 of the BCR specify device input pins to be masked from PSA operations. Bit 10 selects masking for 
device input pin АЕ during A-to-B data flow or for device input pin B8 during B-to-A data flow. Bit 3 selects 
masking for device input pins A1 or B1 during A-to-B or B-to-A data flow, respectively. Bits intermediate to 10 
and 3 mask corresponding device input pins in order from most significant to least significant, as indicated in 
Table 3. When the mask bit that corresponds to a particular device input has a logic 1 value, the device input 
pin is masked from any PSA operation, i.e., that the state of the device input pin is ignored and has no effect 
on the generated signature. Otherwise, when a mask bit has a logic 0 value, the corresponding device input 
is not masked from the PSA operation. | | 


sample inputs/toggle outputs (TOPSIP) 


Data appearing at the selected device input pins is captured in the shift-register elements of the selected BSCs 
on each rising edge of TCK. This data is updated in the shadow latches of the selected input BSCs and applied 
to the inputs of the normal on-chip logic. Data in the shift-register elements of the selected output BSCs is 
toggled on each rising edge of TCK, updated in the shadow latches, and applied to the associated device output 
pins on each falling edge of TCK. 
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pseudo-random pattern generation (PRPG) 


A pseudo-random pattern is generated in the shift-register elements of the selected BSCs on each rising edge 
of TCK, updated in the shadow latches, and applied to the associated device output pins on each falling edge 
of TCK. This data also is updated in the shadow latches of the selected input BSCs and applied to the inputs 
of the normal on-chip logic. Figures 4 and 5 illustrate the 16-bit linear-feedback shift-register algorithms through 
which the patterns are generated. An initial seed value should be scanned into the BSR before performing this 
operation. A seed value of all zeroes does not produce additional patterns. 


А8-! AT-I Аб-| А5-І A4-1 A3-l A2-I А1-! 





e 


5 


B8-O B7-O B6-O В5-О B4-O B3-O B2-O B1-O 
Figure 4. 16-Bit PRPG Configuration (OEAB = 0, OEBA = 1) 








Ф J > A8-O A7-O A6-O A5-O A4-O A3-O 


Figure 5. 16-Bit PRPG Configuration (OEAB =1, OEBA = 0) 
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parallel-signature analysis (PSA) 


Data appearing at the selected device input pins is compressed into a 16-bit parallel signature in the 
shift-register elements of the selected BSCs on each rising edge of TCK. This data is updated in the shadow 
latches of the selected при! BSCs and applied to the inputs of the normal on-chip logic. Data in the shadow 
latches of the selected output BSCs remains constant and is applied to the device outputs. Figures 6 and 7 
illustrate the 16-bit linear-feedback shift-register algorithms through which the signature is generated. An initial 
seed value should be scanned into the BSR before performing this operation. 


АВ-1 АТ7-І А6-І А5-І А4-1 АЗ-1 A2-I А1-І 


МА5КХ 





B8-I В7-1 В6-І В5-1 В4-! 83-І В2-1 B1-I 





Figure 7. 16-Bit PSA Configuration (OEAB = 1, OEBA = 0) 
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simultaneous PSA and PRPG (PSA/PRPG) 


Data appearing at the selected device input pins is compressed into an 8-bit parallel signature in the 
shift-register elements of the selected input BSCs on each rising edge of TCK. This data is updated in the 
shadow latches of the selected input BSCs and applied to the inputs of the normal on-chip logic. At the same 
time, an 8-bit pseudo-random pattern is generated in the shift-register elements of the selected output BSCs 
on each rising edge of TCK, updated in the shadow latches, and applied to the associated device output pins 
on each falling edge of TCK. Figures 8 and 9 illustrate the 8-bit linear-feedback shift-register algorithms through 
which the signature and patterns are generated. An initial seed value should be scanned into the BSR before 
performing this operation. A seed value of all zeroes does not produce additional patterns. 


Ав8-І AT- Аб-1 A5-I А44! АЗ-1 А2-1 A1-I 





© J > B8-O B7-O B6-O B5-O B4-O B3-O B2-O B1-O 


Figure 8. 8-Bit PSA/PRPG Configuration (OEAB = 0, OEBA = 1) 





J > А8-О AT-O A6-O А5-О А4-О АЗ-О А2-О А1-О 


Ғідиге 9. 8-ВИ PSA/PRPG Configuration (OEAB = 1, OEBA = 0) 
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simultaneous PSA and binary count up (PSA/COUNT) 


Data appearing at the selected device input pins is compressed into an 8-bit parallel signature in the 
shift-register elements of the selected input BSCs on each rising edge of TCK. This data is updated in the 
shadow latches of the selected input BSCs and applied to the inputs of the normal on-chip logic. At the same 
time, an 8-bit binary count-up pattern is generated in the shift-register elements of the selected output BSCs 
on each rising edge of TCK, updated in the shadow latches, and applied to the associated device output pins 
on each falling edge of TCK. In addition, the shift-register elements of the opposite output BSCs count carries 
out of the selected output BSCs extending the count to 16 bits. Figures 10 and 11 illustrate the 8-bit 
linear-feedback shift-register algorithms through which the signature is generated. An initial seed value should 
be scanned into the BSR before performing this operation. 


А8-І ` A74 Аб6-! А5-І A4-1 АЗ-1 A2-l А1-! 


MASKX 





p бопопвнб 


B3-O B2-O B 





Figure 10. 8-Bit PSA/COUNT Configuration (OEAB = 0, OEBA = 1) 


MASKX 





157 поопопоб 


АТО A6-O A3-O | AZO А10 
Figure 11. 8-Bit PSA/COUNT Configuration (OEAB = 1, OEBA = 0) 
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All test operations of the 'ABT8952 are synchronous to ТСК. Data on the TDI, TMS, and normal-function inputs 
is captured on the rising edge of TCK. Data appears on the TDO and normal-function output pins on the falling 
edge of TCK. The TAP controller is advanced through its states (as shown in Figure 1) by changing the value 
of TMS on the falling edge of TCK and then applying a rising edge to TCK. 


A simple timing example is shown in Figure 12. In this example, the TAP controller begins in the 
Test-Logic-Reset state andis advanced through its states as necessary to perform one instruction-register scan 
and one data-register scan. While in the Shift-IR and Shift-DR states, TDI is used to input serial data, and TDO 
is used to output serial data. The TAP controller is then returned to the Test-Logic-Reset state. Table 5 details 
the operation of the test circuitry during each TCK cycle. 


Table 5. Explanation of Timing Example 


TCK TAP STATE 
CYCLE(S) | AFTER ТСК DESCRIPTION 
: TMS is changed to a logic O value on the falling edge of TCK to begin advancing the TAP controller toward 
Test-Logic-Reset | the desired state. 


лей || 
Т | LLL] 


Capture-IR The IR captures the 8-bit binary value 10000001 on the rising edge of TCK as the TAP controller exits the 


Capture-IR state. 
Shift-IR 
out of the IR via TDO. In TCK cycle 13, TMS is changed to a logic 1 value to end the IR scan on the next 


EN ТСК cycle. The last bit of the instruction is shifted as the TAP controller advances from Shift-IR to Exit1-IR. 


а 
— 
EN 
Па [| Бай! | TOO becomes inactive (goes to the highimpedance state) onthe ішіде edge ито | 
19-25 | 
Сат 
БЕГЕН 
Са 









TDO becomes active and TDI is made valid on the falling edge of TCK. The first bit is shifted into the ТАР 
on the rising edge of TCK as the TAP controller advances to the next state. 





















One bit is shifted into the IR on each TCK rising edge. With TDI held at a logic 1 value, the 8-bit binary value 
11111111 is serially scannedintothe IR. Atthe same time, the 8-bit binary value 10000001 is serially scanned 


Update-IR The IR is updated with the new instruction (BYPASS) on the falling edge of TCK. 
бавно | LL] 


Capture-DR The bypass register captures a logic 0 value on the rising edge of TCK as the TAP controller exits the 
apture Capture-DR state. 


TDO becomes active and TDI is made valid on the falling edge of TCK. The first bit is shifted into the TAP 


Shift-DR on the rising edge of TCK as the TAP controller advances to the next state. 


| Shift-DR | The binary value 101 is shifted in via TDI, while the binary value 010 is shifted out via TDO. 





Гава a RM MN 
баса | OOOO 


Test-Logic-Reset | Test operation completed 
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 
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ТАР о |о | Е la | = o wlj] Е x о |с |с | ó 

= ка те о аа [7] ші ја | |= 

Controller) ВО е 4 | в |6 > 4 | с 5 5 |5 > 
State | 2 |2 | 2 3 819 8 3 я 

o o0 

#1 |8 8 #9 8 


ES 3-State (TDO) or Don't Care (TDI) 
Figure 12. Timing Example 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage range, Усс...................... акан лен Шаа ақына engin -0.5 V to 7 V 
Input voltage range, VI (except I/O ports) (see Note 1) .................................. -0.5Vto7 V 
Input voltage range, V| (I/O ports) (see Note 1) ....................................... 0.5 V to 5.5 V 
Voltage range applied to any output in the high state or power-off state, Vo .............. —0.5 V to 5.5 V 
Current into any output in the low state, 10: SN54ABT8952 .................................. . 96 тА 
SN/AABIS852... а gu ст ы ивана 128 mA 

Input-clamp current, Inc (ур = D)- 2225245 rena Eo esa eR ER ti LICENCE EE rU RA e EI NU —18 mA 
Output clamp current, lo (Vo <0) ........................................................ -50 mA 
Maximum power dissipation at Ta = 55°C (in still air) (see Note 2): DL package ................... 0.7 W 
DW package .................. 1.7 W 

Storage temperature range, Таја ...... sisse —65°C to 150°G 


T Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1.. The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 

2. The maximum package power dissipation is calculated using a junction temperature of 150°C and a board trace length of 750 mils. 
For more information, refer to the Package Thermal Considerations application note in the ABT Advanced BiCMOS Technology Data 
Book, literature number SCBD002. 


recommended operating conditions (See Note 3) 
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NOTE 3: Unused pins (input or /О) must be held high or low to prevent them from floating. 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 


TA = 25°C SN54ABT8952 | SN74ABT8952 | 
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* On products compliant to MIL-PRF-38535, this parameter does not apply. 

T All typical values are at Усс = 5 V. 

t The parameters IozH and lozL include the input leakage current. 

§ Not more than one output should be tested at a time, and the duration of the test should not exceed one second. 

1 This is the increase in supply current for each input that is at the specified TTL voltage level rather than Усс or GND. 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (normal mode) (see Figure 13) 


SN54ABT8952 | SN74ABT8952 
EAEE ща 


ka Coena GLKAB or CLKBA 
Pulse duration CLKAB or CLKBA high or low Exe 


| A before CLKABT ог В before CLKBAT 459229 | 45 | 
tsu Setup time 
CLKEN before CLKT ae | 45 | 
| aater СЇКАВТю В CUBA] __| 4 __| o j 
th Hold time 
| СКЕН atr CLK? ӘР a ae a 


timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (test mode) (see Figure 13) 
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TMS before TOKT РАБА ee 


A, B, CLK, CLKEN, or OE after TCKT EE — RR 
Hold time (TDI after TCK? — — _ | 6 Ж 
TMS after TCKT б б 





[ч бете 1 [|Powerupto TCKT БГ ЛИ 
СИИИ. EE |i ^ — Rietim = — — | time Voc power up a = 


*On products compliant to MIL-PRF-38535, this parameter is not production tested. 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (normal mode) (see Figure 13) 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (test mode) (See Figure 13) 
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PARAMETER MEASUREMENT INFORMATION 


From Output 
Under Test 


Сі = 50 pF 
(see Note A) 






tPLH/tPHL 


tPLZ/tpzL 
tPHZ/lPZH 





LOAD CIRCUIT 
Timing Input NEED Cae 
ІХ-------------- ом 
TUN алысы ple 
| | t th 
| | — 3V ра | 
| | | ЗУ 
оу OV 
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS 
PULSE DURATION SETUP AND HOLD TIMES 
зү ЗҮ 
Output 
| | оу Control | = | оу 
| | Ре А Ра. —0 | 
Əн--қ [- 'PHL METTI | 
PLZ 
| | | xv T Se | | y 3.5 V 
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| | Мон Output | ———— Мон 
15V 15V Waveform 2 15V Мон -0.3 V 
Output ° ` S1 at Open 5 
——— VOL (see Note B) "uM 
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES ENABLE AND DISABLE TIMES 


INVERTING AND NONINVERTING OUTPUTS 


NOTES: A. Cy includes probe and jig capacitance. 
B 


LOW- AND HIGH-LEVEL ENABLING 


. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 


Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 
C. Allinput pulses are supplied by generators having the following characteristics: PRR < 10 MHz, Zo = 50 Q, tr < 2.5 ns,t(s 2.5 ns. 
D. The outputs are measured one at a time with one transition per measurement. 


Figure 13. Load Circuit and Voltage Waveforms 
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° Members of the Texas Instruments SN54ABT18245A ... WD PACKAGE 


SCOPE ч Family of Testability Products SN74ABT18245A . .. DGG OR DL PACKAGE 
(ТОР VIEW) 


€ Members of the Texas Instruments 
Widebus™ Family 


€ Compatible With the IEEE Standard 
1149.1-1990 (JTAG) Test Access Port and 
Boundary-Scan Architecture 


€ SCOPE"" Instruction Set 

— |EEE Standard 1149.1-1990 Required 
Instructions, CLAMP and HIGHZ 

— Parallel-Signature Analysis at Inputs 

- Pseudo-Random Pattern Generation 
From Outputs 

- Sample Inputs/Toggle Outputs 

— Binary Count From Outputs 

— Device Identification 

— Even-Parity Opcodes 


9 State-of-the-Art EPIC-IIB'" BiCMOS Design 
Significantly Reduces Power Dissipation 


© Packaged in Plastic Shrink Small-Outline 
(DL) and Thin Shrink Small-Outline (DGG) 
Packages and 380-mil Fine-Pitch Ceramic 
Flat (WD) Packages 


description 


The’ABT18245A scan test devices with 18-bit bus 
transceivers are members of the Texas 
Instruments SCOPE™ testability integrated- 
circuit family. This family of devices supports IEEE 
Standard 1149.1-1990 boundary scan to facilitate 
testing of complex circuit-board assemblies. Scan 
access to the test circuitry is accomplished via the 
4-wire test access port (TAP) interface. 





In the normal mode, these devices are 18-bit noninverting bus transceivers. They can be used either as two 
9-bit transceivers or one 18-bit transceiver. The test circuitry can be activated by the TAP to take snapshot 
samples of the data appearing at the device pins or to perform a self test on the boundary-test cells. Activating 
the TAP in the normal mode does not affect the functional operation of the SCOPE™ bus transceivers. 


Data flow is controlled by the direction-control (DIR) and output-enable (OE) inputs. Data transmission is 
allowed from the A bus to the B bus or from the B bus to the A bus, depending on the logic level at DIR. OE can 
be used to disable the device so that the buses are effectively isolated. 


In the test mode, the normal operation of the SCOPE™ bus transceivers is inhibited and the test circuitry is 
enabled to observe and control the input/output (I/O) boundary of the device. When enabled, the test circuitry 
performs boundary-scan test operations according to the protocol described in IEEE Standard 1149.1-1990. 


SCOPE, Widebus, and EPIC-IIB are trademarks of Texas Instruments Incorporated: 


PRODUCTION DATA Information в current as of publication date. Copyright © 1996, Texas Instruments Incorporated 
ucts conform to specifications per the terms of Texas Instruments -PRF-38535, 
standard warranty. Production processing does not necessarily Include Í on products compliant а jm othar ен нова 


testing of all parameters. processing does not necessarily Include testing of all parameters. 
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description (continued) 


Four dedicated test pins observe and control the operation of the test circuitry: test data input (TDI), test data 
output (TDO), test mode select (TMS), andtest clock (TCK). Additionally, the test circuitry performs other testing 
functions such as parallel-signature analysis (PSA) on data inputs and pseudo-random pattern generation 
(PRPG) from data outputs. All testing and scan operations are synchronized to the TAP interface. 


The SN74ABT18245A is available іп Tis shrink small-outline (DL) and thin shrink small-outline (DGG) 
packages, which provide twice the I/O pin count and functionality of standard small-outline packages in the 
same printed-circuit-board area. 


The SN54ABT18245A is characterized for operation over the full military temperature range of -55°C to 125°C. 
The SN74ABT18245A is characterized for operation from —40°C to 85°C. 


FUNCTION TABLE 
(normal mode, each 9-bit section) 


INPUTS 
| wn] - 


L B data to A bus 


H A data to B bus 
X Isolation 
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functional block diagram 







Boundary-Scan Register 


1B1 


2B1 





Bypass Register 
+ сь 
Register 
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Register 
Instruction Register 
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Terminal Functions 


TERMINAL 
NAME DESCRIPTION 
1А1-1А9, : | | 
2А1-2А9 Normal-function A-bus /О ports. See function table for normal-mode logic. 


181–189, 


2B1-2B9 Normal-function B-bus /О ports. See function table (ог normal-mode logic. 


1DIR, 2DIR Normal-function direction controls. See function table for normal-mode logic. 
Normal-function output enables. See function table for normal-mode logic. 


Test clock. One of four terminals required by IEEE Standard 1149.1-1990. Test operations of the device are synchronous to 
TCK. Data is captured on the rising edge of TCK and outputs change on the falling edge of TCK. 


Test data input. One of four terminals required by IEEE Standard 1149.1-1990. TDI is the serial input for shifting data through 
the instruction register or selected data register. An internal pullup forces TDI to a high level if left unconnected. 


Test data output. One of four terminals required by IEEE Standard 1149.1-1990. TDO is the serial output for shifting data 
through the instruction register or selected data register. 


TMS Test mode select. One of four terminals required by IEEE Standard 1149.1-1990. TMS directs the device through its TAP 
controller states. An internal pullup torces TMS to a high level if left unconnected. 


Vcc Supply voltage 
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test architecture 


Serial-test information is conveyed by means of a 4-wire test bus or TAP, that conforms to IEEE Standard 
1149.1-1990. Test instructions, test data, and test control signals all are passed along this serial-test bus. The 
TAP controller monitors two signals from the test bus, TCK and TMS. The TAP controller extracts the 
synchronization (TCK) and state control (TMS) signals from the test bus and generates the appropriate on-chip 
control signals for the test structures in the device. Figure 1 shows the TAP-controller state diagram. 


The TAP controller is fully synchronous to the TCK signal. Input data is captured on the rising edge of TCK and 
output data changes on the falling edge of TCK. This scheme ensures that data to be captured is valid for fully 
one-half of the TCK cycle. 


The functional block diagram illustrates the IEEE Standard 1149.1-1990 4-wire test bus and boundary-scan 
architecture and the relationship among the test bus, the TAP controller, and the test registers. As illustrated, 
the device contains an 8-bit instruction register and four test-data registers: a 44-bit boundary-scan register, a 
3-bit boundary-control register, a 1-bit bypass register, and a 32-bit device-identification register. 


Test-Logic-Reset š 





TMS =H 





Select-DR-Scan Select-IR-Scan 


Capture-DR 





Аип-Тез И д!е 





TMS = L TMSzL 


Capture-IR 









TMS = L 


Pause-IR 













Pause-DR 






Update-IR d 





Update-DR 


Figure 1. TAP-Controller State Diagram 
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state diagram description 


The TAP controller is a synchronous finite state machine that provides test control signals throughout the device. 
The state diagram shown in Figure 1 is in accordance with IEEE Standard 1149.1-1990. The TAP controller 
proceeds through its states based on the level of TMS at the rising edge of TCK. 


As shown, the TAP controller consists of 16 states. There are six stable states (indicated by. a looping arrow in 
the state diagram) and ten unstable states. A stable state is a state the TAP controller can retain for consecutive 
TCK cycles. Any state that does not meet this criterion is an unstable state. 


There are two main paths through the state diagram: one to access and control the selected data register and 
one to access and control the instruction register. Only one register can be accessed at a time. 


Test-Logic-Reset 


The device powers up in the Test-Logic-Reset state. In the stable Test-Logic-Reset state, the test logic is reset 
and is disabled so that the normal logic function of the device is performed. The instruction register is reset to 
an opcode that selects the optional IDCODE instruction, if supported, or the BYPASS instruction. Certain data 
registers also can be reset to their power-up values. 


The state machine is constructed such that the TAP controller returns to the Test-Logic-Reset state in no more 
than five TCK cycles if TMS is left high. TMS has an internal pullup resistor that forces it high if left unconnected 
or if a board defect causes it to be open circuited. 


For the 'ABT182454A, the instruction register is reset to the binary value 10000001, which selects the IDCODE 
instruction. Bits 43—40 in the boundary-scan register are reset to logic 0, ensuring that these cells, which control 
the A-port and B-port outputs are set to benign values (i.e., if test mode were invoked, the outputs would be at 
the high-impedance state). Reset values of other bits in the boundary-scan register should be considered 
indeterminate. The boundary-control register is reset to the binary value 010, which selects the PSA test 
operation. 


Run-Test/Idle 


The TAP controller must pass through the Run-Test/Idle state (from Test-Logic-Reset) before executing any test 
operations. The Run-Test/Idle state also can be entered following data-register or instruction-register scans. 
Run-Test/Idle is a stable state in which the test logic can be actively running a test or can be idle. The test 
operations selected by the boundary-control register are performed while the TAP controller is in the 
Run-Test/Idle state. | 


Select-DR-Scan, Select-IR-Scan 


No specific function is performed in the Select-DR-Scan and Select-IR-Scan states, and the TAP controller exits 
either of these states on the next TCK cycle. These states allow the selection of either data-register scan or 
instruction-register scan. 


Capture-DR 


When a data-register scan is selected, the TAP controller must pass through the Capture-DR state. In the 
Capture-DR state, the selected data register can capture a data value as specified by the current instruction. 
Such capture operations occur on the rising edge of TCK, upon which the TAP controller exits the Capture-DR 
state. 
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Shift-DR 


Upon entry to the Shift-DR state, the data register is placed in the scan path between TDI and TDO. On the first 
falling edge of TCK, TDO goes from the high-impedance state to an active state. TDO enables to the logic level 
present in the least-significant bit of the selected data register. 


While in the stable Shift-DR state, data is serially shifted through the selected data register on each TCK cycle. 
The first shift occurs on the first rising edge of TCK after entry to the Shift-DR state (i.e., no shifting occurs during 
the TCK cycle in which the TAP controller changes from Capture-DR to Shift-DR or from Exit2-DR to Shift-DR). 
The last shift occurs on the rising edge of TCK, upon which the TAP controller exits the Shift-DR state. 


Exit1-DR, Exit2-DR 


The Exit1-DR and Exit2-DR states are temporary states that end а data-register scan. It is possible to return 
to the Shift-DR state from either Exit1-DR or Exit2-DR without recapturing the data register. On the first falling 
edge of ТСК after entry to Exit1-DR, ТОО goes from the active state to the high-impedance state. 


Pause-DR 


No specific function is performed in the stable Pause-DR state, in which the TAP controller can remain 
indefinitely. The Pause-DR state suspends and resumes data-register scan operations without loss of data. 


Update-DR 


If the current instruction calls for the selected data register to be updated with current data, such updates occur 
_ оп the falling edge of TCK, following entry to the Update-DR state. 


Capture-IR 


When an instruction-register scan is selected, the TAP controller must pass through the Capture-IR state. In 
the Capture-IR state, the instruction register captures its current status value. This capture operation occurs 
on the rising edge of TCK, upon which the TAP controller exits the Capture-IR state. For the 'АВТ1 8245A, the 
status value loaded in the Capture-IR state is the fixed binary value 10000001. 


Shift-IR 


Upon entry to the Shift-IR state, the instruction register is placed in the scan path between ТО! and TDO. On 
the first falling edge of TCK, TDO goes from the high-impedance state to an active state. TDO enables to the 
logic level present in the least-significant bit of the instruction register. 


While in the stable Shift-IR state, instruction data is serially shifted through the instruction register on each TCK 
cycle. The first shift occurs on the first rising edge of TCK after entry to the Shift-IR state (i.e., no shifting occurs 
during the TCK cycle in which the TAP controller changes from Capture-IR to Shift-IR or from Exit2-IR to 
Shift-IR). The last shift occurs on the rising edge of TCK, upon which the TAP controller exits the Shift-IR state. 


Exit1-IR, Exit2-IR 


The Exit1-IR and Exit2-IR states are temporary states that end an instruction-register scan. It is possible to 
return to the Shift-IR state from either Exit1-IR or Exit2-IR without recapturing the instruction register. On the 
first falling edge of TCK after entry to Exit1-IR, TDO goes from the active state to the high-impedance state. 


Pause-IR 


No specific function is performed in the stable Pause-IR state, in which the TAP controller can remain 
indefinitely. The Pause-IR state suspends and resumes instruction-register scan operations without loss of 
data. 


Update-IR 


The current instruction is updated and takes effect on the falling edge of TCK, following entry to the Update-IR 
state. 
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register overview 


With the exception of the bypass and device-identification registers, any test register can be thought of as a 
serial-shift register with a shadow latch on each bit. The bypass and device-identification registers differ in that 
they contain only a shift register. During the appropriate capture state (Capture-IR for instruction register, 
Capture-DR for data registers), the shift register can be parallel loaded from a source specified by the current 
instruction. During the appropriate shift state (Shift-IR or Shift-DR), the contents of the shift register are shifted 
out from TDO while new contents are shifted in at TDI. During the appropriate update state (Update-IR or 
Update-DR), the shadow latches are updated from the shift register. 


instruction register description 


The instruction register (IR) is eight bits long and tells the device what instruction is to be executed. Information 
contained in the instruction includes the mode of operation (either normal mode, in which the device performs 
its normal logic function, or test mode, in which the normal logic function is inhibited or altered), the test operation 
to be performed, which of the four data registers is to be selected for inclusion in the scan path during 
data-register scans, and the source of data to be captured into the selected data register during Capture-DR. 


Table 3 lists the instructions supported by the 'ABT18245A. The even-parity feature specified for SCOPE™ 
devices is supported in this device. Bit 7 of the instruction opcode is the parity bit. Any instructions that are 
defined for SCOPE?" devices but are not supported by this device default to BYPASS. 


During Capture-IR, the IR captures the binary value 10000001. As an instruction is shifted in, this value is shifted 
out via ТОО and can be inspected as verification that the IR is in the scan path. During Update-IR, the value 
that has been shifted into the IR is loaded into shadow latches. At this time, the current instruction is updated 
and any specified mode change takes effect. At power up or in the Test-Logic-Reset state, the IR is reset to the 
binary value 10000001, which selects the IDCODE instruction. The IR order of scan is shown in Figure 2. 


Bit 7 
TDI Parity во тро 
(MSB) (LSB) 


Figure 2. Instruction Register Order of Scan 
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boundary-scan register 


The boundary-scan register (BSR) is 44 bits long. It contains one boundary-scan cell (BSC) for each 
normal-function input pin, one BSC for each normal-function /О pin (one single cell for both input data and 
output data), and one BSC for each of the internally decoded output-enable signals (1 ОЕА, 2ОЕА, 1OEB, 
2OEB). The BSR is used to store test data that is to be applied externally to the device output pins, and/or to 
capture data that appears internally at the outputs of the normal on-chip logic and/or externally at the device 
input pins. 

The source of data to be captured into the BSR during Capture-DR is determined by the current instruction. The 
contents of the BSR can change during Run-Test/Idle, as determined by the current instruction. At power up 
or in Test-Logic-Reset, BSCs 43-40 are reset to logic 0, ensuring that these cells, which control A-port and 
B-port outputs, are set to benign values (i.e., if test mode were invoked, the outputs would be at the 
high-impedance state). Reset values of other BSCs should be considered indeterminate. 


When external data is to be captured, the BSCs for signals 1OEA, 2OEA, 1OEB, and 2OEB capture logic values 
determined by the following _positive-logic equations: 1OEA= 10E • ПІН, 2OEA = 20E e2DIR, 
1OEB = 1OE e DIR, and 2OEB = 20E e DIR. When data is to be applied externally, these BSCs control the 
drive state (active or high impedance) of their respective outputs. 


The BSR order of scan is from TD! through bits 43-0 to TDO. Table 1 shows the BSR bits and their associated 
device pin signals. 


Table 1. Boundary-Scan Register Configuration 


m SIGNAL NUMBER SIGNAL NUMBER SIGNAL NUMBER SIGNAL NUMBER SIGNAL 
[zoe | ss zuo | в [ею | п [жо в |ы | 
р т е ERU 2-2. 
| ова | s [это | м [zao | в zero | в | to | 
Го [юм | 22 | zuo | 23 | wexo | м | zuo | 5 | 50 | 
__-о | өн [м | zuo | 22 | uso | — | sevo | 4 | 18540 | 
[se | mm | s zuo | ж | мо | 2 | звао | 3 | тво | 
Ls [e | 29 | zuo | № | пано | |ә | 2 | вю | 
[3 | | 2 [эмо | э | eqo | 10 | овоо | 1 | әне | 
Е ar [o | t aao | ° [zuo | о | two] 


boundary-control register 











The boundary-control register (BCR) is three bits long. The BCR is used in the context of the boundary-run test 
(RUNT) instruction to implement additional test operations not included in the basic SCOPE" instruction set. 
Such operations include PRPG, PSA, and binary count up (COUNT). Table 4 shows the test operations that 
are decoded by the BCR. 


During Capture-DR, the contents of the BCR are not changed. At power up or in Test-Logic-Reset, the BCR is 
reset to the binary value 010, which selects the PSA test operation. The BCR order of scan is shown in 
Figure 3. 


TDI TDO 





Figure 3. Boundary-Control Register Order of Scan 
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bypass register 


The bypass register is a 1-bit scan path that can be selected to shorten the length of the system scan path, 
reducing the number of bits per test pattern that must be applied to complete a test operation. During 
Capture-DR, the bypass register captures a logic 0. The bypass register order of scan is shown in 
Figure 4. 


TDI TDO 


Figure 4. Bypass Register Order of Scan 


device-identification register | 


The device-identification register (IDR) is 32 bits long. It can be selected and read to identify the manufacturer, 
part number, and version of this device. 


During Capture-DR, the binary value 00010000000000000101000000101111 (1000502F, hex) is captured in 
the IDR to identify this device as Texas Instruments SN54/74ABT18245A. The IDR order of scan is from TDI 
through bits 31-0 to ТОО. Table 2 shows the IDR bits and their significance. 


| Table 2. Device-Identification Register Configuration 


IDR BIT IDENTIFICATION IDRBIT |. IDENTIFICATION IDR BIT IDENTIFICATION 
NUMBER SIGNIFICANCE NUMBER SIGNIFICANCE NUMBER SIGNIFICANCE 














зт | venson — | = | РАвтмомвене | м | MANUFACTURERTOT | 
По | мно | 2 | PARTNUMBERTs | 10 | MANUFACTUREROOT_ 
[= | venson — | —25 | РАтмимвениз | © — | MANUFACTUREROSF | 
Св | мноо | м | РАТМОМВЕМО | в | МАМОРАСТОНЕВОТ | 
ра 1 рлатмомвени [7 | MANUFACTUREROGT | 


р = [в | Panumo | 6 | МАМОРАСТОНЕНОВ | 
Г = [Га [| рае | s | МАМОРАСТОНЕНОФ | 
= 20 | раптмомвепов | 4 | MANUFACTUREROSE | 
Е = | + [| ретімен? | 3 | MANUFAGTUREROZE | 
x — = [= | Panumo | 2 | МАМОРАСТОНЕВОТ | 
= [ Panumo | i | МАМОРАСТИМЕНООЕ | 
Е = Г в __вавтмимвено: |] © | зо” — — 
pup wq aoe [м m 
pp a [nus i. таана 
= = T s [ manus [ — L —— Jj 
ae а | mmeweme | ү — — 


T Note that for TI products, bits 11-0 of the device-identification register always contain the binary value 000000101111 
(02Ғ, hex). 
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instruction-register opcode description 


The instruction-register opcodes are shown in Table 3. The following descriptions detail the operation of each 
instruction. 


Table 3. Instruction-Register Opcodes 


BINARY CODET 
BIT 7 2 BIT 0 SCOPE OPCODE DESCRIPTION SEFECTED DATA 
REGISTER 
MSB — LSB 



























Boundary scan 
шоп [юс — | — — Memifcaionread — | Dovice identitcaton | Normal | 
[ 10000: | SAMPLEPRELOAD | Sample boundary | Boundary sean | Мота — 
Г ооо — | eveasst — | — бен | ура — | Мота | 
оош | _eveasst — | Ву | — ура | Мота | 
Г ооо [ВЕ — | Bypasssoan | Bypass — | Normal 
[ ото | cest — | Boundary sottes | Boundaryscan | Normal 
[шо | SCANCN | Boundary-contol register scan — | Boundary control | ота — 
мое [вз | Bypasssan [_ Eyes Normal | 





t Bit 7 is used to maintain even parity in the 8-bit instruction. 
+The BYPASS instruction is executed in lieu of a SCOPE™ instruction that is not supported in the 'ABT18245A. 


boundary scan 


This instruction conforms to the IEEE Standard 1149.1-1990 EXTEST instruction. The BSR is selected in the 
scan path. Data appearing at the device input and 1/О pins is captured in the associated BSCs. Data that has 
been scanned into the input BSCs is applied to the inputs of the normal on-chip logic, while data scanned into 
the I/O BSCs for pins in the output mode is applied to the device I/O pins. Data present at the device !/O pins 
is passed through the ИО BSCs to the normal on-chip logic. For I/O pins, the operation of a pin as input or output 
is determined by the contents of the output-enable BSCs (bits 43-40 of the BSR). When a given output enable 
is active (logic 1), the associated ИО pins operate in the output mode. Otherwise, the ИО pins operate іп the 
input mode. The device operates in the test mode. 


identification read 


This instruction conforms to the IEEE Standard 1149.1-1990 IDCODE instruction. The IDR is selected in the 
scan path. The device operates in the normal mode. 


sample boundary 


This instruction conforms to the IEEE Standard 1149.1-1990 SAMPLE/PRELOAD instruction. The BSR is 
selected in the scan path. Data appearing at the device input pins and /О pins in the input mode is captured 
in the associated BSCs, while data appearing at the outputs of the normal on-chip logic is captured in the BSCs 
associated with ИО pins in the output mode. The device operates in the normal mode. 
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bypass scan 


This instruction conforms to the IEEE Standard 1149.1-1990 BYPASS instruction. The bypass register is 
selected in the scan path. A logic 0 value is captured in the bypass register during Capture-DR. The device 
operates in the normal mode. 


control boundary to high impedance 


This instruction conforms to the IEEE Standard 1149.1a-1993 HIGHZ instruction. The bypass register is 
selected in the scan path. A logic 0 value is captured in the bypass register during Capture-DR. The device 
operates in a modified test mode in which all device I/O pins are placed in the high-impedance state, the device 
input pins remain operational, and the normal on-chip logic function is performed. 


control boundary to 1/0 : 


This instruction conforms to the IEEE Standard 1149.1a-1993 CLAMP instruction. The bypass register is 
selected in the scan path. A logic O value is captured in the bypass register during Capture-DR. Data in the input 
BSCs is applied to the inputs of the normal on-chip logic, while data in the ИО BSCs for pins in the output mode 
is applied to the device I/O pins. The device operates in the test mode. 


boundary-run test 


The bypass register is selected in the scan path. A logic 0 value is captured in the bypass register during 
Capture-DR. The device operates in the test mode. The test operation specified in the BCR is executed during 
Run-Test/Idle. The five test operations decoded by the BCR are: sample inputs/toggle outputs (TOPSIP), 
PRPG, PSA, simultaneous PSA and PRPG (PSA/PRPG), and simultaneous PSA and binary count up 
(PSA/COUNT). 


boundary read 


The BSR is selected in the scan path. The value in the BSR remains unchanged during Capture-DR. This 
instruction is useful for inspecting data after a PSA operation. 


boundary self test 


The BSR is selected in the scan path. All BSCs capture the inverse of their current values during Capture-DR. 
In this way, the contents of the shadow latches can be read out to verify the integrity of both shift-register and 
shadow-latch elements of the BSR. The device operates in the normal mode. 


boundary toggle outputs 


The bypass register is selected in the scan path. A logic O value is captured in the bypass register during 
Capture-DR. Data in the shift-register elements of the selected output-mode BSCs is toggled on each rising 
edge of TCK in Run-Test/Idle, updated in the shadow latches, and applied to the associated device /О pins оп 
each falling edge of TCK in Run-Test/Idle. Data in the input-mode BSCs remains constant. Data appearing at 
the device input or I/O pins is not captured in the input-mode BSCs. The device operates in the test mode. 


boundary-control-register scan 


The BCR is selected in the scan path. The value in the BCR remains unchanged during Capture-DR. This 
operation must be performed before a boundary-run test operation to specify which test operation is to be 
executed. 





35 TEXAS 
INSTRUMENTS 


4-14 | POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 


SN54ABT18245A, SN74ABT18245A 
SCAN TEST DEVICES 
WITH 18-BIT BUS TRANSCEIVERS 


SCBS110G - AUGUST 1992 – REVISED DECEMBER 1996 


boundary-control-register opcode description 


The BCR opcodes are decoded from BCR bits 2-0 as shown in Table 4. The selectedtest operation is performed 
while the RUNT instruction is executed in the Run-Test/Idle state. The following descriptions detail the operation 
of each BCR instruction and illustrate the associated PSA and PRPG algorithms. 


Table 4. Boundary-Control Register Opcodes 


BINARY CODE 
BIT 2 > ВТО DESCRIPTION 
MSB > LSB 


x00 
xo 
от 


While the control input BSCs (bits 43-36) are not included in the toggle, PSA, PRPG, or COUNT algorithms, 
the output-enable BSCs (bits 43-40 of the BSR) control the drive state (active or high impedance) of the selected 
device output pins. These BCR instructions are valid only when both bytes of the device are operating in one 
direction of data flow (.е., 1ОЕА z 1OEB and 2OEA ~ 2OEB) and іп the same direction of data flow 
(І.е.,1 QEA = 2ОЕА and 1OEB = 2OEB). Otherwise, the bypass instruction is operated. 


sample inputs/toggle outputs (TOPSIP) 
Data appearing at the selected device input-mode /О pins is captured in the shift-register elements of the 
associated BSCs on each rising edge of TCK. Data in the shift-register elements of the selected output-mode 
BSCs is toggled on each rising edge of TCK, updated in the shadow latches, and applied to the associated 
device І/О pins on each falling edge of TCK. 











35 TEXAS 
ÍNSTRUMENTS 


POST OFFICE BOX 655303 € DALLAS, TEXAS 75265 4-15 


SN54ABT18245A, SN74ABT18245A 
SCAN TEST DEVICES 
WITH 18-BIT BUS TRANSCEIVERS 


SCBS110G - AUGUST 1992 - REVISED DECEMBER 1996 


pseudo-random pattern generation (PRPG) 


A pseudo-random pattern is generated in the shift-register elements of the selected BSCs on each rising edge 
of TCK, updated in the shadow latches, and applied to the associated device output-mode I/O pins on each 
falling edge of TCK. Figures 5 and 6 illustrate the 36-bit linear-feedback shift-register algorithms through which 
the patterns are generated. An initial seed value should be scanned into the BSR before performing this 
operation. A seed value of all zeroes does not produce additional patterns. 


2A9-l/O 2А8-/0 2А7-/О 2А6-/О 2А5-/0 2А4-І/О 2A3-/O 242-/0 2А1-/0 


1А9-/0 1А8-/0 1А7-/0  1A6-/O  1A5-/O 1А4/О 1А3-/0 1А2-/0 1А1-/О 





Ф Jj > 1B9-/O  1B8-/O 1В7-/О  1B6-/O  1B5-/O 1В4-/О  1B3-/O  1B2-/O 1B1-l/O 


Figure 5. 36-Bit PRPG Configuration (1ОЕА = 2ОЕА = 0, 10EB = 20ЕВ = 1) 
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pseudo-random pattern generation (PRPG) (continued) 


2B9-/O .2B8-/O 2В7-/О  2B6-/O  2B5-/O 2В4-/0  2B3-/O  2B2-/O 281-/0 


189-/0  1B8-/O  1B7-/O  1B6-/O  1B5-/O  1B4-/O  1B3-/O  1B2-l/O 1В1-/О 





Ф | J > 1A9-/O 1А8-/0 1А7-/0 1А6-/0 1А5-/О 1А4М0 1A3-0 1А2-/0 1А1-/0 
Figure 6. 36-Bit PRPG Configuration (10EA = 20EA = 1, 10ЕВ = 20ЕВ = 0) 
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parallel-signature analysis (PSA) 


Data appearing at the selected device input-mode ИО pins is compressed into a 36-bit parallel signature in the 
shift-register elements of the selected BSCs on each rising edge of TCK. Data in the shadow latches of the 
selected output-mode BSCs remains constant and is applied to the associated device I/O pins. Figures 7 and 8 
illustrate the 36-bit linear-feedback shift-register algorithms through which the signature is generated. An initial 
seed value should be scanned into the BSR before performing this operation. 


249-/0 2А8-/О0 2А7-/0 | 2A6-/O 2А5-/0 2А4-/О 2АЗ-ИО 2А2-/0 > 2А1-/0 












1А9-/О 





1А8-І/О 


1А7-/О 





1А6-/О 


POE 


1А5-/0 1А4-/0О 1АЗ-ИО 1А2-/0  1A1-I/O 


Ф J > 1B9-/O  1B8-/O 1B7-UO  1B6-/O 1B5-/O  1B4-/O  1B3-/O  1B2-/O 1В1-/О 


Figure 7. 36-Bit PSA Configuration (1OEA = 2ОЕА = 0, 10EB = 20EB = 1) 
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parallel-signature analysis (PSA) (continued) 


2B9-/O  2B8-/O  2B7-/O  2B6-/O  2B5-/O 2В4-/0 2В3-/0  2B2-/O 2В1-/О 





1A9-/O 1А8-/О 1ҮА7-/0 1А6-/0 1А5-/0 | 1A4-/O  1A3-/O  1A2-/O 1А1-/0 


Figure 8. 36-Bit PSA Configuration (10EA = 20ЕА = 1, 10EB = 20ЕВ = 0) 
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simultaneous PSA and PRPG (PSA/PRPG) 


Data appearing at the selected device input-mode I/O pins is compressed into an 18-bit parallel signature in 
the shift-register elements of the selected input-mode BSCs on each rising edge of TCK. At the same time, an 
18-bit pseudo-random pattern is generated in the shift-register elements of the selected output-mode BSCs on 
each rising edge of TCK, updated in the shadow latches, and applied to the associated device I/O pins on each 
falling edge of TCK. Figures 9 and 10 illustrate the 18-bit linear-feedback shift-register algorithms through which 
the signature and patterns are generated. An initial seed value should be scanned into the BSR before 
performing this operation. A seed value of all zeroes does not produce additional patterns. 


2A9-/O  2A8-/O 2А7-/0 2А6-/О 2А5-/0 2А4-/О  2A3-l/O 2А2-/0 2А1-/0 


1A9-/O 1А8-/О 1А7-/0 1А6-/0 1А5-/0 1А4/0  1A3-I/O 1А2-/0 1А1-/0 





® = J > 1B9-/O  1B8-/O  1B7-/O  1B6-/O  1B5-/O  1B4-/O  1B3-/O  1B2-/O  1B1-l/O 


Figure 9. 18-Bit PSA/PRPG Configuration (1OEA = 20ЕА = 0, 10EB = 20ЕВ = 1) 
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simultaneous PSA and PRPG (PSA/PRPG) (continued) 


2B9-/O  2B8-/O  2B7-/O  2B6-/O  2B5-/O  2B4-/O  2B3-/O  2B2-/O 281-/0 


1B9-/O  1B8-/O 187-/0  1B6-/O  1B5-/O  1B4-/O  1B3-/O  1B2-/O 1В1-/0 








e = J > 1A9-1/0 1A8-/O  1A7-/O 1А6-/0  1A5-/O  1A4/O  1A3-/O  1A2-/O 1ҮА1-/О 


Figure 10. 18-Bit PSA/PRPG Configuration (1ОЕА = 2OEA = 1, 10EB = 2OEB = 0) 
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simultaneous PSA and binary count up (PSA/COUNT) 


Data appearing at the selected device input-mode /О pins is compressed into an 18-bit parallel signature in 
the shift-register elements of the selected input-mode BSCs on each rising edge of TCK. At the same time, an 
18-bit binary count-up pattern is generated in the shift-register elements of the selected output-mode BSCs on 
each rising edge of TCK, updated in the shadow latches, and applied to the associated device I/O pins on each 
falling edge of TCK. Figures 11 and 12 illustrate the 18-bit linear-feedback shift-register algorithms through 
which the signature is generated. An initial seed value should be scanned into the BSR before performing this 
operation. 


2A9-/O 2А8-/0 2А7-/0 2А6-И/О  2A5-/O  2A4-/O  2A8-/O 2А2-/0 2А1-/О 


1A9-/O 1А8-/0  1A7-/O  1A6-/O  1A5-/O 1А4-/0 





шт ои 


2В9-/0  2B8-/O 287-/0  2B6-/O 285-/0  2B4-/O 2B3-/O 2В2-/0 281-/0 


8500009000006 


1B9-/O  1B8-/O 187-10 185-10 1850  1B4-/O 1B2-/0  1B2-/O 1В1-/0 


Figure 11. 18-Bit PSA/COUNT Configuration (1OEA = 20EA = 0, 10EB = 20ЕВ = 1) 
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simultaneous PSA and binary count up (PSA/COUNT) (continued) 


2B9-/O  2B8-/O 287-/0  2B6-/O  2B5-/O 284/0  2B3-/O  2B2-/O 281-/0 





2A9-/O  2A8-/O 2А7-/0  2A6-/O  2A5-/O 2А4-ІО  2A3-/O  2A2-/O 2А1-/О 


J > 1A9-/O 1ҮА8-И/О 1А7-/0 1А6-/0 1А5-/0 1А4-/0  1A3-/O 1А2-/0 1А1-/О 


Figure 12. 18-Bit PSA/COUNT Configuration (1OEA = 2ОЕА = 1, 1ОЕВ = 20EB = 0) 
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timing description 


All test operations of the "АВТ18245А are synchronous to ТСК. Data on the TDI, TMS, and normal-function 
inputs is captured on the rising edge of TCK. Data appears on the TDO and normal-function output pins on the 
falling edge of TCK. The TAP controller is advanced through its states (as shown in Figure 1) by changing the 
value of TMS on the falling edge of TCK and then applying a rising edge to TCK. 


A simple timing example is shown in Figure 13. In this example, the TAP controller begins in the 
Test-Logic-Reset state and is advanced through its states as necessary to perform one instruction-register scan 
and one data-register scan. While in the Shift-IR and Shift-DR states, TDI is used to input serial data and TDO 
is used to output serial data. The TAP controller is then returned to the Test-Logic-Reset state. Table 5 details 
the operation of the test circuitry during each TCK cycle. 


Table 5. Explanation of Timing Example 


ЖЕ TAP STATE 
CYCLE(S) AFTER TCK DESCRIPTION 

; TMS is changed to а logic 0 value on the falling edge of TCK to begin advancing the TAP controller toward 
ЕШ Test togio- Reset the desired state. 


x 2 [naa (SA 
о | — — — — 7 


Select-IR-Scan 






















The IR captures the 8-bit binary value 10000001 on the rising edge of TCK as the TAP controller exits the 
Capture-IR state. 


TDO becomes active and TDI is made valid on the falling edge of TCK. The first bit is shifted into the TAP 
on the rising edge of TCK as the TAP controller advances to the next state. 


One bit is shifted into the IR оп each ТСК rising edge. With TDI held at a logic 1 value, the 8-bit binary value 
11111111 is serially scannedintothe IR. Atthe same time, the 8-bit binary value 10000001 is serially scanned 
out of the IR via TDO. In TCK cycle 13, TMS is changed to a logic 1 value to end the IR scan on the next 
ТСК cycle. The last bit of the instruction is shifted as the TAP controller advances from Shift-IR to ЕМИЈА. 


істі 
КЕШ 
Са | вана 
ie 
в 
17 
[= | 
Ca 
Са | 


Capture-IR 






The bypass register captures a logic 0 value on the rising edge of TCK as the TAP controller exits the 
Capture-DR state. 


TDO becomes active and TD! is made valid on the falling edge of TCK. The first bit is shifted into the TAP 
on the rising edge of TCK as the TAP controller advances to the next state. 


The binary value 101 is shifted in via TDI, while the binary value 010 is shifted out via TDO. 
TDO becomes inactive (goes to the high-impedance state) on the falling edge of TCK. 


Update-DR The selected data register is updated with the new data on the falling edge of TCK. 
Select-DR-Scan 


бавни | ___________________________ 
Test-Logic-Reset | Test operation completed 


Update-IR The IR is updated with the new instruction (BYPASS) on the falling edge of TCK. 
za Capture-DR 


Select ЕЕ а аа 
19-20 





Shift-DR 
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ЕЯ 3-State (TDO) or Don't Care (TDI) 


Figure 13. Timing Example 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 


Supply: voltage range, Усе оа о наал A UI PATRE EE iu ERN Ua -0.5Vto7 V 
Input voltage range, Vi (except I/O ports) (see Note 1) .................................. -0.5 Vto7 V 
Input voltage range, V| (I/O ports) (see Note 1) ....................................... -0.5 V to 5.5 V 
Voltage range appliéd to any output in the high state or power-off state, Vo .............. —0.5 V to 5.5 У 
Current into any output in the low state, іо: SNB4ABT18245A ................................. 96 mA 
SN74ABT18245A ................................ 128 mA 

Input clamp current, ие (И Оу хақын ы ЫТТА ЗАЛ ERE TuS nA RE EME —18 mA 
Output clamp current, loy (Vo <0)................... y E ana Ire ак инат —50 mA 
Continuous current through оте .......................................................... 576 mA 
Continuous current through GND reos secu es rr v Eher ERR EK sy Re eot S 1152 mA 
Maximum power dissipation at TA = 55°C (in still air) (see Note 2): DGG package .................. 1W 
| DL package ................... 1.4 W 

Storage temperature range, Tstg -............................................ ы. —65°С to 150°C 


+ Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1. The input and output negative-voltage ratings can be exceeded if the input and output clamp-current ratings are observed. 


2. The maximum package power dissipation is calculated using a junction temperature of 150°C and a board trace length of 750 mils. 
For more information, refer to the Package Thermal Considerations application note in the ABT Advanced BICMOS Technology Data 
Book, literature number SCBD002. 
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recommended operating conditions (see Note 3) 


SN54ABT18245A | SN74ABT18245A 
| MN мах | MN MAX | T 


Vcc Supply voltage 4.5 5.5 4.5 5.5 
МН High-level input voltage Dec CENE REN ae Бес 
Vit___Low-levelinput voltage | ов ову 


loL Low-level output current | |. 48| 64 | m | 


NOTE 3: Unused pins (input or I/O) must be held high or low to prevent them from floating. 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 


ТА = 25°С SN54ABT18245A | SN74ABT18245A 
PARAMETER TEST CONDITIONS UNIT 
MIN ТҮРІ МАХ] MIN A 


| Vk | |Vcc-45V. || =-18 mA 


VIK 
Voc = 4.5 V ІОН =-3 ПА 5 
Voc = 5 V, ІОН =-3 mA 3 
VOH 
Voc = 4.5 V. ІОН =-24 mA 


z 


3 


N 
Џ 
— 
№ 


+ 
о ал x 


Voc = 4.5 V, ІОН = -32 mA 


IOL = 48 mA 
Voc + 4.5 V 
IOL = 64 mA 
Vcc = 5.5 V, DIR, OE, TCK 
US 
om We mme 


lozHt Voc = 5.5 V, Vo =2.7V 
1071 Voc = 5.5 V, Vo = 0.5 V 


Усс = 01027, == 

loZPU |у 227 Vor0.5V Өнерім 
Voc = 2 V to 0, T 

loZPD |у0227Уог0.5У ОЕ =0.8 V 


Усс + 0, Vior Vo <4.5 V 


Vcc = 5.5 V, я 
ICEX VO =5.5V Outputs high 


| 08 |Усс«55У, Vo =2.5V -50 -110 -200 
Voc = 5.5 V, Aor | Outputs high 

lo =0, B Outputs low 

М! = Усс or GND | ports | Outputs disabled 


сс 
Усс =5.5V, One input at 3.4 V, 

er inputs at Усс or GND 
i 


* On products compliant to MIL-PRF-38535, this parameter does not apply. 

t All typical values are at Vcc = 5 V. 

t The parameters Іо2ң and 1071 include the input leakage current. 

5 Not more than one output should be tested at a time, and the duration of the test should not exceed one second. 

1 This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND. 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (test mode) (see Figure 14) 


SN54ABT18245A | SN74ABT18245A 

[MIN мах | MN мах | ОТ 
laoek Clock frequency Hk [о 60| o s] ме | 
tw Pulse duration TOK high or low |_ а | ва S 


A.B, ОА: ОЕ вво | 96 — L > | 
во Setuptime TDI before TOKT | до | ав 


Tisi, — | 36 Las — 
KB, DiR, or Eater ток? | oz — | 9 — — 
по Нобиле Home ck: [о T o 
ива та | 9s | 9s — — 
ы Буе ею [ию — — ] s №) 
Мә —  — |veggwergp Si r T + [= 


* On products compliant to MIL-PRF-38535, these parameters are not production tested. 





switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (normal mode) (see Figure 14) 


Voc =5М, 
FROM TO ipid SN54ABT18245A (SN74ABT18245A | 
PARAMETER (INPUT) (OUTPUT) A= 
TYP МАХ _ өлме сір 


Сад [ыи ЕЕ LEN 
ке T AorB BorA 
| ты! 46] 15 58 


вн ar se| 2 a| 2 75 | 
н | BorA 

ZL 45 62| 2 85| 2 8) 

— — 68| 25 95 | 25 85 | 
i 

25 48 6| 25 85| 25 75 | 


switching characteristics over recommended ranges of supply voltage and operating free-air 


temperature (unless otherwise noted) (test mode) (see Figure 14) 
| 90 | мњ | 


























Усс =5М, 
FROM To Mo C SN54ABT18245A | SN74ABT18245A 
PARAMETER (INPUT) (OUTPUT) TENE 
п мы ин ма ЕТЕНЕ 


| ах ___ току тезше = = =. 
71 101 — 
ет == TCKL AorB = 


H | 


| 2 34 5| 2 64| 2 61 | 
eae шы TCKL 


— — 


t 4 75 106| 4 11| 4 134 | 
рн TCKL AorB 
— à —— 76 105| 4 143 { 4 139 | 





t от ава ваја я 2 6.6 
Eur AE теку 
tPZL 25 а 57| 23 73 | 25 69 


35 77 108| 29 144 | 35 136 | 
pem TOKU AorB BR: S: 
10.1] 25 138 | 25 127 

къы врат 









35 TEXAS 
INSTRUMENTS 


4-28 POST OFFICE BOX 655303 9 DALLAS, TEXAS 75265 


SN54ABT18245A, SN74ABT18245A 
SCAN TEST DEVICES 
WITH 18-BIT BUS TRANSCEIVERS 


SCBS110G - AUGUST 1992 - REVISED DECEMBER 1996 


PARAMETER MEASUREMENT INFORMATION 






о 7V 
о 
From Output open 
Under Test GND 
(see Note A) 
LOAD CIRCUIT 
Timing Input 
=== tw— 
| 
| | 3v 
Input 1.5V 1.5V Data Input 
ov 
VOLTAGE WAVEFORMS 
PULSE DURATION 
3v 
input 15V Output 
| | ` ov Control 
tPLH 4 | tPHL 
| | eee лар, 
Output | 15V | 15V ста ту 
| | VoL (see Note B) 
tPHL ———h “-»- tPLH 
Output 
| | Мон Waveform 2 
Output vay tay S1 at Open 
——— VoL (see Note B) 
VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 


INVERTING AND NONINVERTING OUTPUTS 


NOTES: А. Cy includes probe and jig capacitance. 


OO ш 


tPLH/tPHL 


tPLZ/tPzL 
tpHz/tp2H 





1.5V 
| eee оу 
| | | 
| tsu | їһ | 
| | зу 
0v 
VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 
3v 
| | оу 
tPZL —0ј ық | | 
| | tprz > 
| | = | p 3.5 V 
Жесе | Z VoL «03V 
| [= MOL 
| | tpHz —> 
РН (6 М 
| e X urn МОН 
15V VoH -0.3V 
~ ОМ 
VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 


LOW- AND HIGH-LEVEL ENABLING 


. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

. All input pulses are supplied by generators having the following characteristics: PRR < 10 MHz, Zo = 50 О, 1; < 2.5 ns, # 2.5 ns. 

. The outputs are measured one at a time with one transition per measurement. 


Figure 14. Load Circuit and Voltage Waveforms 
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© Members of the Texas Instruments SN54ABT18640... WD PACKAGE 
SCOPE™ Family of Testability Products ` TE а DL PACKAGE 


@ Members of the Texas Instruments 
Widebus'" Family 


€ Compatible With the IEEE Standard 
1149.1-1990 (JTAG) Test Access Port and 
Boundary-Scan Architecture 


€ SCOPE" Instruction Set 

— IEEE Standard 1149.1-1990 Required 
Instructions and Optional CLAMP and 
HIGHZ 

- Parallel-Signature Analysis at Inputs 

- Pseudo-Random Pattern Generation 
From Outputs 

- Sample Inputs/Toggle Outputs 

- Binary Count From Outputs 

- Device Identification 

— Even-Parity Opcodes 


© State-of-the-Art EPIC-IIB'" BICMOS Design 
Significantly Reduces Power Dissipation 


@ Packaged in Plastic Shrink Small-Outline 
(DL) and Thin Shrink Small-Outline (DGG) 
Packages and 380-mil Fine-Pitch Ceramic 
Flat (WD) Packages 


description 


The 'ABT18640 scan test devices with 18-bit 
inverting bus transceivers are members of the 
Texas Instruments SCOPE™ testability 
integrated-circuit family. This family of devices 
supports IEEE Standard 1149.1-1990 boundary 
scan to facilitate testing of complex circuit-board 
assemblies. Scan access to the test circuitry is 
accomplished via the 4-wire test access port 
(TAP) interface. 


In the normal mode, these devices are 18-bit inverting bus transceivers. They can be used either as two 9-bit 
transceivers or one 18-bit transceiver. The test circuitry can be activated by the TAP to take snapshot samples 
of the data appearing at the device pins or to perform a self test on the boundary-test cells. Activating the TAP 
in the normal mode does not affect the functional operation of the SCOPE™ bus transceivers. 





Data flow is controlled by the direction-control (DIR) and output-enable (OE) inputs. Data transmission is 
allowed from the A bus to the B bus or from the B bus to the A bus, depending on the logic level at DIR. OE can 
be used to disable the device so that the buses are effectively isolated. 


In the test mode, the normal operation of the SCOPE™ bus transceivers is inhibited and the test circuitry is 
enabled to observe and control the I/O boundary of the device. When enabled, the test circuitry can perform 
boundary-scan test operations according to the protocol described in IEEE Standard 1149.1-1990. 


SCOPE, Widebus, and EPIC-IIB are trademarks of Texas Instruments Incorporated. 





UNLESS OTHERWISE NOTED this document contains PRODUCTION Copyright © 1996, Texas Instruments Incorporated 
DATA Information current as of publication date. Products шоп 10 


peciat ons per the terms of Texas Instruments standard warra! » Ti a ipe eder noted On а | other is products. production 
Production processing does not necessarily Include vesting of of al EXAS processing does not necessarily Inctude testing of all parameters. 
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description (continued) 


Four dedicated test pins observe and control the operation of the test circuitry: test data input (TDI), test data 
output (TDO), test mode select (TMS), andtest clock (TCK). Additionally, the test circuitry performs other testing 
functions such as parallel-signature analysis (PSA) on data inputs and pseudo-random pattern generation 
(PRPG) from data outputs. All testing and scan operations are synchronized to the TAP interface. 


The SN74ABT18640 is available т ТІ" shrink small-outline (DL) and thin shrink small-outline (DGG) packages, 
which provide twice the ИО pin count and functionality of standard small-outline packages in the same 
printed-circuit-board area. 


The SN54ABT18640 is characterized for operation over the full military temperature range of —55°C to 125°C. 
The SN74ABT18640 is characterized for operation from —40°С to 85°C. 


FUNCTION TABLE 
(normal mode, each 9-bit section) 


INPUTS 
ОЕ ав У 


L L B data to A bus 
H A data to B bus 
X Isolation 
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functional block diagram 


Boundary-Scan Register 


xc] 


One of Nine Channels 





>° 
O С 
One of Nine Channels 


Bypass Register 
Е `  Boundary-Control 
Register 
Identification 
Register 
Vcc 
TDI 30 Instruction Register 
Усс 


px m 









V V V 


TMS = 
29 Controlier 
TCK 
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Terminal Functions 


TERMINAL 3 
NAME DESCRIPTION 


1А1-1А9, 
2А1-2А9 


1В1-1В9, 
2B1—2B9 


ТОВ, 2DIR Normal-function direction controls. See function table for normal-mode logic. 
[в | Ground 


Normal-function output enables. See function table for normal-mode logic. 


Normal-function A-bus /О ports. See function table for normal-mode logic. 


Normal-function B-bus /О ports. See function table for normal-mode logic. 


Test clock. One of four terminals required by IEEE Standard 1149.1-1990. Test operations of the device are synchronous to 
TCK. Data is captured on the rising edge of TCK and outputs change on the falling edge of TCK. 
ЖЕН Test data input. One of four terminals required by IEEE Standard 1149.1-1990. TDI is the serial input for shifting data through 


ND 
Е, 20E 
TCK 
TDI the instruction register or selected data register. An interna! pullup forces TDI to a high level if left unconnected. 
TDO 
MS 
Усс 


Test data output. One of four terminals required by IEEE Standard 1149.1-1990. ТОО is the serial output for shifting data 
through the instruction register or selected data register. 


G 
1ОЕ 
| т Test mode select. One of four terminals required by IEEE Standard 1149.1-1990. TMS directs the device through its ТАР 
controller states. An internal pullup forces TMS to a high level if left unconnected. 





| Ус | Supply voltage . 
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test architecture 


Serial-test information is conveyed by means of a 4-wire test bus or TAP, that conforms to IEEE Standard 
1149.1-1990. Test instructions, test data, and test control signals all are passed along this serial-test bus. The 
TAP controller monitors two signals from the test bus, TCK and TMS. The TAP controller extracts the 
synchronization (TCK) and state control (TMS) signals from the test bus and generates the appropriate on-chip 
control signals for the test structures in the device. Figure 1 shows the TAP-controller state diagram. 


The TAP controller is fully synchronous to the TCK signal. Input data is captured on the rising edge of TCK and 
output data changes on the falling edge of TCK. This scheme ensures data to be captured is valid for fully 
one-half of the TCK cycle. 


The functional block diagram shows the IEEE Standard 1149.1-1990 4-wire test bus and boundary-scan 
architecture and the relationship among the test bus, the TAP controller, and the test registers. As shown, the 
device contains an 8-bit instruction register and four test-data registers: a 44-bit boundary-scan register, a 3-bit 
boundary-control register, a 1-bit bypass register, and a 32-bit device-identification register. 


Test-Logic-Reset 





TMS = Н 






Select-IR-Scan 


- Capture-IR 


Pause-IR 


Update-IR 


TMSzL 





Run-Test/idle Select-DR-Scan 









TMS = L 










г 











Pause-DR 







Update-DR 








Figure 1. TAP-Controller State Diagram 





«35 TEXAS 
ÍNSTRUMENTS 


POST OFFICE BOX 655303 € DALLAS, TEXAS 75265 4-35 


SN54ABT18640, SN74ABT18640 
SCAN TEST DEVICES 
WITH 18-ВІТ INVERTING BUS TRANSCEIVERS 


SCBS267C - FEBRUARY 1994 - REVISED JULY 1996 


state diagram description 


` The TAP controllerisa synchronous finite state machine that provides test control signals throughout the device. 


The state diagram shown in Figure 1 is in accordance with IEEE Standard 1149.1-1990. The TAP controller 
proceeds through its states based on the level of TMS at the rising edge of TCK. 


As shown, the TAP controller consists of 16 states. There are six stable states (indicated by a looping arrow in 
the state diagram) and ten unstable states. A stable state is a state the TAP controller can retain for consecutive 
TCK cycles. Any state that does not meet this criterion is an unstable state. 


There are two main paths through the state diagram: one to access and control the selected data register and 
one to access and control the instruction register. Only one register can be accessed at a time. 


Test-Logic-Reset 


The device powers up in the Test-Logic-Reset state. In the stable Test-Logic-Reset state, the test logic is reset 
and is disabled so that the normal logic function of the device is performed. The instruction register is reset to 
an opcode that selects the optional IDCODE instruction, if supported, or the BYPASS instruction. Certain data 
registers also can be reset to their power-up values. 


The state machine is constructed such that the TAP controller returns to the Test-Logic-Reset state in no more 
than five TCK cycles if TMS is left high. The TMS pin has an internal pullup resistor that forces it high if left 
unconnected or if a board defect causes it to be open circuited. 


For the "АВТ18640, the instruction register is reset to the binary value 10000001, which selects the IDCODE 
instruction. Bits 43-44 in the boundary-scan register are reset to logic 0, ensuring that these cells which control 
the A-port and B-port outputs, are set to benign values (1.е., if test mode were invoked, the outputs would be 
at the high-impedance state). Reset values of other bits in the boundary-scan register should be considered 
indeterminate. The boundary-control register is reset to the binary value 010, which selects the PSA 
test operation. 


Run-Test/ldle 


The TAP controller must pass through the Run-Test/Idle state (from Test-Logic-Reset) before executing any test 
operations. The Run-Test/Idle state also can be entered following data-register or instruction-register scans. 
Run-Test/dle is a stable state in which the test logic can be actively running a test or can be idle. The test 
operations selected by the boundary-control register are performed while the TAP controller is in the 
Run-Test/Idle state. 


Select-DR-Scan, Select-IR-Scan 


No specific function is performed in the Select-DR-Scan and Select-IR-Scan states, andthe TAP controller exits 
either of these states on the next TCK cycle. These states allow the selection of either УУ МАЛЕ! зсап ог 
instruction-register scan. 


Capture-DR 


When a data-register scan is selected, the TAP controller must pass through the Capture-DR state. In the 
Capture-DR state, the selected data register captures a data value as specified by the current instruction. Such 
capture operations occur on the rising edge of TCK, upon which the TAP controller exits the Capture-DR state. 
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Shift-DR 


Upon entry to the Shift-DR state, the data register is placed in the scan path between TDI and TDO, and on the 
first falling edge of TCK, TDO goes from the high-impedance state to an active state. TDO is enabled to the logic 
level present in the least-significant bit of the selected data register. 


While in the stable Shift-DR state, data is serially shifted through the selected data register on each TCK cycle. 
The first shift occurs on the first rising edge of TCK after entry to the Shift-DR state (i.e., no shifting occurs during 
the TCK cycle in which the TAP controller changes from Capture-DR to Shift-DR or from Exit2-DR to Shift-DR). 
The last shift occurs on the rising edge of TCK, upon which the TAP controller exits the Shift-DR state. 


Exit1-DR, Exit2-DR 


The Exit1-DR and Exit2-DR states are temporary states that end а data-register scan. It is possible to return 
to the Shift-DR state from either Exit1-DR or Exit2-DR without recapturing the data register. On the first falling 
edge of TCK after entry to Exit1-DR, TDO goes from the active state to the high-impedance state. 


Pause-DR 


No specific function is performed in the stable Pause-DR state, in which the TAP controller can remain 
indefinitely. The Pause-DR state suspends and resumes data-register scan operations without loss of data. 


Update-DR 


If the current instruction calls for the selected data register to be updated with current data, such update occurs 
on the falling edge of TCK, following entry to the Update-DR state. 


Capture-IR 


When an instruction-register scan is selected, the TAP controller must pass through the Capture-IR state. In 
the Capture-IR state, the instruction register captures its current status value. This capture operation occurs 
on the rising edge of TCK, upon which the TAP controller exits the Capture-IR state. For the 'ABT18640, the 
status value loaded in the Сарішге-ІН state is the fixed binary value 10000001. 


Shift-IR 


Upon entry to the Shift-IR state, the instruction register is placed in the scan path between TDI and TDO, and 
on the first falling edge of TCK, TDO goes from the high-impedance state to an active state. TDO is enabled 
to the logic level present in the least-significant bit of the instruction register. 


While in the stable Shift-IR state, instruction data is serially shifted through the instruction register on each TCK 
cycle. The first shift occurs on the first rising edge of TCK after entry to the Shift-IR state (i.e., no shifting occurs 
during the TCK cycle in which the TAP controller changes from Capture-IR to Shift-IR or from Exit2-IR to 
Shift-IR). The last shift occurs on the rising edge of TCK, upon which the TAP controller exits the Shift-IR state. 


Exit1-IR, Exit2-IR 


The Exit1-IR and Exit2-IR states are temporary states that end an instruction-register scan. It is possible to 
return to the Shift-IR state from either Exit1-IR or Exit2-IR without recapturing the instruction register. On the 
first falling edge of ТСК after entry to Exiti-IR, ТОО goes from the active state to the high-impedance state. 


Pause-IR 


No specific function is performed in the stable Pause-IR state, in which the TAP controller can remain 
indefinitely The Pause-IR state suspends and resumes instruction-register scan operations without loss 
of data. 


Update-IR 


The current instruction is updated and takes effect on the falling edge of TCK, following entry to the 
Update-IR state. 
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register overview 


With the exception of the bypass and device-identification registers, any test register can be thought of as a 
serial shift register with a shadow latch on each bit. The bypass and device-identification registers differ in that 
they contain only a shift register. During the appropriate capture state (Capture-IR for instruction register, 
Capture-DR for data registers), the shift register can be parallel loaded from a source specified by the current 
instruction. During the appropriate shift state (Shift-IR or Shift-DR), the contents of the shift register are shifted 
out from TDO while new contents are shifted in at TDI. During the appropriate update state (Update-IR or 
Update-DR), the shadow latches are updated from the shift register. 


instruction register description 


The instruction register (IR) is eight bits long and tells the device what instruction is to be executed. Information 
contained in the instruction includes the mode of operation (either normal mode, in which the device performs 
its normallogic function, ortest mode, in which the normal logic function is inhibited or altered), the test operation 
to be performed, which of the four data registers is to be selected for inclusion in the scan path during 
data-register scans, and the source of data to be captured into the selected data register during Capture-DR. 


Table 3 lists the instructions supported by the 'ABT18640. The even-parity feature specified for SCOPE™ 
devices is supported in this device. Bit 7 of the instruction opcode is the parity bit. Any instructions that are 
defined for SCOPE?" devices but аге not supported by this device default to BYPASS. 


During Capture-IR, the IR captures the binary value 10000001. As an instruction is shifted in, this value is shifted 
out via TDO and can be inspected as verification that the IR is in the scan path. During Update-IR, the value 
that has been shifted into the IR is loaded into shadow latches. At this time, the current instruction is updated 
and any specified mode change takes effect. At power up or in the Test-Logic-Reset state, the IR is reset to the 
binary value 10000001, which selects the IDCODE instruction. The IR order of scan is shown in Figure 2. 


Bit 7 
TDI Parlty > ы BIO L & rpo 
(MSB) (LSB) 


Figure 2. Instruction Register Order of Scan 


data register description 


boundary-scan register 


The boundary-scan register (BSR) is 44 bits long. It contains one boundary-scan cell (BSC) for each 
normal-function input pin, one BSC for each normal-function I/O pin (one single cell for both input data and 
output data), and one BSC for each of the internally decoded output-enable signals (1OEA, 2OEA, 1OEB, 
2OEB). The BSR is used 1) to store test data that is to be applied externally to the device output pins, and/or 
2) to capture data that appears internally at the outputs of the normal on-chip logic and/or externally atthe device 
input pins. 


The source of datato be captured into the BSR during Capture-DR is determined by the current instruction. The 
contents of the BSR can change during Run-Test/Idle as determined by the current instruction. At power up or 
in Test-Logic-Reset, BSCs 43—40 are reset to logic 0, ensuring that these cells, which contol A-port and B-port 
outputs, аге set to benign values (i.e., if test mode were invoked, the outputs would be at the high-impedance 
state). Reset values of other BSCs should be considered indeterminate. 
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boundary-scan register (continued) 


When external data is to be captured, the BSCs for signals 1OEA, 2OEA, 1OEB, and 2OEB capture logic values 
determined by the following positive-logic equations: 

1OEA = 10E е ТО, 2OEA = 20E • 2DIR, 1ОЕВ = 10E е DIR, and 20ЕВ = 20E e DIR 

When data is to be applied externally, these BSCs control the drive state (active or high impedance) of their 
respective outputs. 


The BSR order of scan is from TDI through bits 43-0 to ТОО. Table 1 shows the BSR bits and their associated 
device pin signals. 


Table 1. Boundary-Scan Register Configuration 


NUMBER SIGNAL NUMBER SIGNAL NUMBER SIGNAL NUMBER SIGNAL NUMBER SIGNAL 
Оз [в | ss | олно | в | мю | т [жю | в |150 | 
[ai а | 3 [zao | м | мно | в | авто | s | вю | 
По [юм | 3 [ zwuo | в [тело | в | вю | 5 | вю | 
o [zn [эз [зб | № | vaso | № | жыю | 4 | 150 
[se | m | 3 [zao | м [tao | № | ово | 3 | № 
“з || [юм | aso | и [вю | 2 | 18010 

ae = 

ERE Жей Eo: 















e | [в | оно | 9 | оо | 18210 
C- T Z Tua | pone 18110 


boundary-control register 





The boundary-control register (BCR) is three bits long. The BCR is used in the context of the boundary-run test 
(RUNT) instruction to implement additional test operations not included in the basic SCOPE™ instruction set. 
Such operations include PRPG, PSA, and binary count up (COUNT). Table 4 shows the test operations that 
are decoded by the BCR. | 


During Capture-DR, the contents of the BCR are not changed. At power up or in Test-Logic-Reset, the BCR is 
reset to the binary value 010, which selects the PSA test operation. The BCR order of scan is shown in Figure 3. 


TDI > TDO 





Figure 3. Boundary-Control Register Order of Scan 


bypass register 


The bypass register is a 1-bit scan path that can be selected to shorten the length of the system scan path, 
reducing the number of bits per test pattern that must be applied to complete a test operation. During 
Capture-DR, the bypass register captures a logic 0. The bypass register order of scan is shown in Figure 4. 
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device-identification register | 


The device-identification register (IDR) is 32 bits long. It сап be selected and read to identify the manufacturer, 
part number, and version of this device. 


During Capture-DR, the binary value 00000000000000001110000000101111 (0000ЕО2Е, hex) is captured іп 
the IDR to identify this device as Texas Instruments SN54/74ABT18640. The IDR order of scan is from TDI 
through bits 31-0 to TDO. Table 2 shows the IDR bits and their significance. 


` Table 2. Device-identification Register Configuration 


NUMBER SIGNIFICANCE NUMBER SIGNIFICANCE NUMBER SIGNIFICANCE 
Го | юж | 26 | РААТМОМВЕВ | —10 | MANUFACTURERDOT | 
[> | venson | 25 | PARTNUMBERTa | — 9 | MANUFACTURERO | 
“з | менвоо | —2« | PARTNUMBERI2 | в | MANUFACTURERO7T_ 
Е 17% 1 Partuumaern [7 | MANUFACTUREROGT | 
р = [= [рим | 6 | MANUFACTUREROST | 
= | = | ranome | 6 | мАМОРАСТОНЕНОФ | 
ЕЕ = [Го | Равтмомвено | 4 | МАМОРАСТОНЕНОЗ | 
Е s | рет"амвяг | 3 | МАМОРАСТОНЕНОФ | 
Е = — | [ Радтчомвеноо | —2 | МАМОРАСТОНЕВОТ | 
Е = [я | ретммвнв [1 | MANUFACTUREROOT - 
Е = [в | рим | 5 | — лоас — — 
ЕЕ | 6 мя 1 
x — | — — — | ем L — L — = 
ЕЕ OO [ЕЕ 
ЕЕ | = j "wwe _|_--_|  — J 


T Note that for TI products, bits 11-0 of the device-identification register always contain the binary value 000000101111 
(О2Ғ, hex). 
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instruction-register opcode description 


The instruction-register opcodes are shown in Table 3. The following descriptions detail the operation of 
each instruction. 


Table 3. Instruction-Register Opcodes 


BINARY СОРЕТ 
BIT 7 — BIT 0 SCOPE OPCODE DESCRIPTION SELECTED DATA 
REGISTER 
MSB — LSB 


шоо | осоре [Мес — — | Device identification | Nomai | 
[тобою | SAMPLEPRELORD | Sample boundary | Boundary scan — | Normal | 
[won | уға” — | — Ву — — | ___Бржа [ Noma | 
ооп | в | ғала, | Bypass | Мота | 
Г но | сеет | — волаву sattes — — | Boundary scan | Normal 


T Bit 7 is used to maintain even parity in the 8-bit instruction. 
+ The BYPASS instruction is executed in lieu of a SCOPE™ instruction that is not supported in the 'ABT18640. 
















boundary scan 


This instruction conforms to the IEEE Standard 1149.1-1990 EXTEST instruction. The BSR is selected in the 
scan path. Data appearing at the device input and I/O pins is captured in the associated BSCs. Data that has 
been scanned into the input BSCs is applied to the inputs of the normal on-chip logic, while data scanned into 
the I/O BSCs for pins in the output mode is applied to the device I/O pins. Data present at the device ИО pins 
is passed through the I/O BSCs to the normal on-chip logic. For I/O pins, the operation of a pin as input or output 
is determined by the contents of the output-enable BSCs (bits 43-40 of the BSR). When a given output enable 
is active (logic 1), the associated I/O pins operate in the output mode. Otherwise, the I/O pins operate in the 
input mode. The device operates in the test mode. 


identification read 


This instruction conforms to the IEEE Standard 1149.1-1990 IDCODE instruction. The IDR is selected in the 
scan path. The device operates in the normal mode. 


sample boundary 


This instruction conforms to the IEEE Standard 1149.1-1990 SAMPLE/PRELOAD instruction. The BSR is 
selected in the scan path. Data appearing at the device input pins and I/O pins in the input mode is captured 
іп the associated BSCs, while data appearing at the outputs of the normal on-chip logic is captured in the BSCs 
associated with I/O pins in the output mode. The device operates in the normal mode. 
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bypass scan 


This instruction conforms to the IEEE Standard 1149.1-1990 BYPASS instruction. The bypass register is 
selected in the scan path. А logic 0 value is captured in the bypass register during Capture-DR. The device 
operates in the normal mode. 


control boundary to high impedance 


This instruction conforms to the IEEE Standard 1149.1a-1993 HIGHZ instruction. The bypass register is 
selected in the scan path. A logic 0 value is captured in the bypass register during Capture-DR. The device 
operates in a modified test mode in which all device I/O pins are placed in the high-impedance state, the device 
input pins remain operational, and the normal on-chip logic function is performed. 


control boundary to 1/0 


This instruction conforms to the IEEE Standard 1149.1a-1993 CLAMP instruction. The bypass register is 
selected in the scan path. A logic 0 value is captured in the bypass register during Capture-DR. Data in the input 
BSCs is applied to the inputs of the normal on-chip logic, while data in the I/O BSCs for pins in the output mode 
is applied to the device I/O pins. The device operates in the test mode. 


boundary-run test 


The bypass register is selected in the scan path. A logic 0 value is captured in the bypass register during 
Capture-DR. The device operates in the test mode. The test operation specified in the BCR is executed during 
Run-Test/ldle. The five test operations decoded by the BCR are: sample inputs/toggle outputs (TOPSIP), 
PRPG, PSA, simultaneous PSA and PRPG (PSA/PRPG), and simultaneous PSA and binary count up 
(PSA/COUNT). 


boundary read 


The BSR is selected in the scan path. The value in the BSR remains unchanged during Capture-DR. This 
instruction is useful for inspecting data after a PSA operation. 


boundary self test 


The BSR is selected in the scan path. All BSCs capture the inverse of their current values during Capture-DR. 
In this way, the contents of the shadow latches can be read out to verify the integrity of both shift-register and 
shadow-latch elements of the BSR. The device operates in the normal mode. 


boundary toggle outputs 


The bypass register is selected in the scan path. A logic 0 value is captured in the bypass register during 
Capture-DR. Data in the shift-register elements of the selected output-mode BSCs is toggled on each rising 
: edge of TCK in Run-Test/Idle, updated in the shadow latches, and applied to the associated device I/O pins on 
each falling edge of TCK т Run-Test/ldle. Data in the input-mode BSCs remains constant. Data appearing at 
the device input or /О pins is not captured in the input-mode BSCs. The device operates in the test mode. 


boundary-control-register scan 


The BCR is selected in the scan path. The value in the BCR remains unchanged during Capture-DR. This 
operation must be performed before a boundary-run test operation to specify which test operation is to 
be executed. 
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boundary-control-register opcode description 
The BCR opcodes are decoded from BCR bits 2-0 as shown in Table 4. The selected test operation is performed 
while the RUNT instruction is executed in the Run-Test/ldle state. The following descriptions detail the operation 
of each BCR instruction and illustrate the associated PSA and PRPG algorithms. 


Table 4. Boundary-Control Register Opcodes 


BINARY CODE 
BIT 2 > ВТО DESCRIPTION 
MSB > LSB 
Sample inputs/toggle outputs (TOPSIP) 
Pseudo-random pattern generation/36-bit mode (PRPG) 






Simultaneous PSA and PRPG/18-bit mode (PSA/PRPG) | 


Simultaneous PSA and binary count up/18-bit mode (PSA/COUNT) 





While the control input BSCs (bits 43-36) are not included in the toggle, PSA, PRPG, or COUNT algorithms, 
the output-enable BSCs (bits 43-40 of the BSR) control the drive state (active or high impedance) of the selected 
device output pins. These BCR instructions are valid only when both bytes of the device are operating in one 
direction of data flow (that is, ТОБА ғ 1OEB and 2OEA z 2OEB) and in the same direction of data flow (that is, 
1OEA = 2ОЕА and 1OEB = 2OEB). Otherwise, the bypass instruction is performed. 


sample inputs/toggle outputs (TOPSIP) 
Data appearing at the selected device input-mode І/О pins is captured in the shift-register elements of the 
associated BSCs on each rising edge of TCK. Data in the shift-register elements of the selected output-mode 
BSOs is toggled on each rising edge of TCK, updated in the shadow latches, and applied to the associated 


device I/O pins on each falling edge of TCK. 
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pseudo-random pattern generation (PRPG) 


A pseudo-random pattern is generated in the shift-register elements of the selected BSCs on each rising edge 
of TCK, updated in the shadow latches, and applied to the associated device output-mode I/O pins on each 
falling edge of TCK. Figures 5 and 6 show the 36-bit linear-feedback shift-register algorithms through which the 
patterns are generated. An initial seed value should be scanned into the BSR before performing this operation. 
A seed value of all zeroes does not produce additional patterns. 


2A9-/O 2А8-/0 2А7-/0  2A6-/O  2A5-/O 2A4-I/0 2A3-/O  2A2-/O 2А1-/О 













1A9-l/O 1А8-/О 


1A7-10 1А6-/О 1ҮА5-/О 1А4-/0 1АЗ-/О 1А2-/О 1А1-/0 


FE Eu О eo 


2B9-lO  2B&-/O 2870 2860 2850 284-10 2830 282570 281-/0 


S | J > 1B9-/0 1В8-/0 187/0 1B6-/O 185-/0 184/0 1B3-/O 182-/0 181-/0 
Figure 5. 36-ВИ PRPG Configuration (1ОЕА = 20EA = 0, 10EB = 20EB = 1) 
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2B9-/O  2B8-/O  2B7-/O  2B6-/O  2B5-/O  2B4-/O 283-/0  2B2-/O 2В1-/О 











1В7-/О  1B6-/O  1B5-/O  1B4-l/O 1B3-/O  1B2-/O  1B1-l/O 


а. 


1В9-/0 1В8-/О 







2A9-/O 2А8-/0 2А7-/0 2А6-/0 2А5-/О 2A4l/O 2A3-/O 2А2-/О 2А1-/Ю 


Ф | 2> 1A9-/O  1A&l/O 1А7-/0 1А6-/0 1А50 1А4ШО 1АЗ-/О  1A2-/O  1A1-l/O 
Figure 6. 36-ВИ PRPG Configuration (1ОЕА = 2ОЕА = 1, 1ОЕВ = 20EB = 0) 
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parallel-signature analysis (PSA) 


Data appearing at the selected device input-mode I/O pins is compressed into a 36-bit parallel signature in the 
shift-register elements of the selected BSCs on each rising edge of TCK. Data in the shadow latches of the 
selected output-mode BSCs remains constant and is applied to the associated device I/O pins. Figures 7 and 8 
show the 36-bit linear-feedback shift-register algorithms through which the signature is generated. An initial 
seed value should be scanned into the BSR before performing this operation. 


2А9-/О 2А8-/О 2А7-/0 2А6-/0 | 2A5-//O 2А4-/О  2A3-/O 2А2-/0 2А1-/О 











1A7-l/O 1А6-/0  1A5-lO 1А4-/0 1АЗ-/О 1А2-/0  1A1-I/O 


па а а Us 


1А9-/О 





1А8-/О 





Ф Е J > 1B9-/O  1B8-/O  1B7-/O  1B6-/O  1B5-/O 1840  1B3-/O 182-/0 1В1-/О 


Figure 7. 36-ВИ PSA Configuration (1OEA = 2ОЕА = 0, 10EB = 20EB = 1) 
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2B9-/O 2880 287-/0  2B6-/O  2B5-/O 284-00 2B3-/O 282-/0 281-/0 









1В9-/О  1B8-/O  1B7-/O  1B6-/O  1B5-/O 184/0  1B3-/O 182-/0 181-/0 


ЕРЕ ЕН 
O а а а а 





1А9-/О 1А8-/0 1А7-/0 1А6-/0 1А5-/О 1А4/0 ЛАЗ-/О  1A2-I/O > 1А1-/0 


Figure 8. 36-Bit PSA Configuration (1ОЕА = 20EA = 1, 1ОЕВ = 2OEB = 0) 





327 
INSTRUMENTS 


POST OFFICE BOX 655303 9 DALLAS, TEXAS 75265 4-47 


SN54ABT 18640, SN74ABT 18640 
SCAN TEST DEVICES 
WITH 18-BIT INVERTING BUS TRANSCEIVERS 


SCBS267C - FEBRUARY 1994 - REVISED JULY 1996 


simultaneous PSA and PRPG (PSA/PRPG) 


Data appearing at the selected device input-mode ИО pins is compressed into an 18-bit parallel signature in 
the shift-register elements of the selected input-mode BSCs on each rising edge of TCK. At the same time, an 
18-bit pseudo-random pattern is generated in the shift-register elements of the selected output-mode BSCs on 
each rising edge of TCK, updated in the shadow latches, and applied to the associated device I/O pins on each 
falling edge of ТСК. Figures 9 and 10 show the 18-bit linear-feedback shift-register algorithms through which 
the signature and patterns are generated. An initial seed value should be scanned into the BSR before 
performing this operation. A seed value of all zeroes does not produce additional patterns. 


2A9-/O 2А8-/О 3 2AT-/O 2А6-/О 2А5-И/О 2А4-/О 3 2A3-/O  2A2-/O  2A1-I/O 


1A9-/O . 1А8-/0  1A7-l//O 1А6-/0 1А5-/0 1А4-/0О 1АЗ-/О  1A2-l/O 1А1-/О 





© 5 J > 1В9-/О 1880  1B7-/O  1B6-/O  1B5-/O  1B4-/O  1B3-/O  1B2-/O 1В1-/О 


Figure 9. 18-Bit PSA/PRPG Configuration (1OEA = 2OEA = 0, 10EB = 2OEB = 1) 
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2B9-/O  2B8-/O 287-/0  2B6-/O  2B5-/O  2B4-/O  2B3-/O 282-00 2В1-/О 





e = J > 1A9-/O  1A8-/O  1A7-/O  1A6-/O  1A5-/O  1A4-/O  1A3-/O 1А2-/0 1А1-/О 


Figure 10. 18-Bit PSA/PRPG Configuration (1OEA = 20EA = 1, ТОЕВ = 20ЕВ = 0) 





49 т 
INSTRUMENTS 


POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 4-49 


SN54ABT18640, SN74ABT18640 
SCAN TEST DEVICES 
WITH 18-BIT INVERTING BUS TRANSCEIVERS 


SCBS267C - FEBRUARY 1994 - REVISED JULY 1996 


simultaneous PSA and binary count up (PSA/COUNT) 


Data appearing at the selected device input-mode I/O pins is compressed into an 18-bit parallel signature іп 
the shift-register elements of the selected input-mode BSCs on each rising edge of TCK. At the same time, an 
18-bit binary count-up pattern is generated in the shift-register elements of the selected output-mode BSCs on 
each rising edge of TCK, updated in the shadow latches, and applied to the associated device I/O pins on each 
falling edge of TCK. Figures 11 and 12 show the 18-bit linear-feedback shift-register algorithms through which 
the signature is generated. An initial seed value should be scanned into the BSR before performing 
this operation. | 


2A9-/O 2А8-/О  2AT-/O 2А6-/О  2A5-/O 2А4-/О 2АЗ-/О 2А2-/О 2А1-/О 


1А9-/О 1А8-/О 1А7-/О 1А6-/О 1А5-/О 1А4/0 1АЗ-/О 1А2-/О 1А1-/О 





обор 


2B9-/O  2B8-/O 287-/0  2B6-/O  2B5-/O 2В4-/0  2B3-/O 282-/0 281-/0 


о сопопопоб 


= J > 189-/0  1B8-/O  187-/O  1B6-/O  1B5-/O  1B4-/O  1B3-/O  1B2-/O 1В1-/0 


Figure 11. 18-Bit PSA/COUNT Configuration (10EA = 2ОЕА = 0, 10EB = 20EB = 1) 
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2B9-/O  2B8-/O  2B7-/O  2B6-/O  2B5-/O 284/0  2B3-/O 282-/0 281-/0 





Ф 


2А9-/0 2А8-/О 2А7-/0 2А6-/0 2А5-/0 2А4-/О 2А3-/0 242-00 2А1-/0 


жир 


1А9-/0 1А8-/О 1А7-/О  1A6-/O  1A5-/O 1А4-/0 1А3-/0 1А2-/О 1А1- y/o 


Figure 12. 18-Bit PSA/COUNT Configuration (1OEA = 2ОЕА = 1, 10ЕВ = 20ЕВ = 0) 





45 ЕХА5 
INSTRUMENTS 


POST OFFICE BOX 655303 € DALLAS, TEXAS 75265 4—51 


SN54ABT18640, SN74ABT18640 
SCAN TEST DEVICES 
WITH 18-BIT INVERTING BUS TRANSCEIVERS 


SCBS267C - FEBRUARY 1994 - REVISED JULY 1996 
timing description 


Alltest operations of the ABT 18640 are synchronous to ТСК. Data on the TDI, TMS, and normal-function inputs 
is captured on the rising edge of TCK. Data appears on the TDO and normal-function output pins on the falling 
edge of TCK. The TAP controller is advanced through its states (as shown in Figure 1) by changing the value 
of TMS on the falling edge of TCK and then applying a rising edge to TCK. 


A simple timing example is shown in Figure 13. In this example, the TAP controller begins in the 
Test-Logic-Reset state and is advanced through its states as necessary to perform one instruction-register scan 
and one data-register scan. While in the Shift-IR and Shift-DR states, TDI is used to input serial data, and TDO 
is used to output serial data. The TAP controller is then returned to the Test-Logic-Reset state. Table 5 details 
the operation of the test circuitry during each TCK cycle. 


Table 5. Explanation of Timing Example 


TCK TAP STATE 
CYCLE(S) AFTER TCK DESCRIPTION 


Test-Logic-Reset TMS is changed to a logic 0 value on the falling edge of TCK to begin advancing the TAP controller toward 
Sie the desired state 


[2 [nazas O 
[s |өкәязе| 2 













Pas The IR captures the 8-bit binary value 10000001 on the rising edge of TCK as the TAP controller exits the 
Өргө Capture-IR state. 
Shift-I 
| 


А 
А 
А 
А 


са ВЕТ е 22. 7% 





ТОО becomes active and TDI is made valid on the falling edge of TCK. The first bit is shifted into the ТАР 
on the rising edge of TCK as the TAP controller advances to the next state. 










One bitis shifted into the IR on each TCK rising edge. With TDI held at a logic 1 value, the 8-bit binary value 
11111111 is serially scanned into the IR. Atthe same time, the 8-bit binary value 10000001 is serially scanned 
out of the IR via TDO. In TCK cycle 13, TMS is changed to a logic 1 value to end the IR scan on the next 
TCK cycle. The last bit of the instruction is shifted as the TAP controller advances from Shift-IR to Exit1-IR. 





| кав | TDO becomes inactive (goes to the high-impedance state) on the falling edge of TCK. 








Update-l The IR is updated with the new instruction (BYPASS) on the falling edge of TCK. 


о ү  _ 
The bypass register captures a logic 0 value on the rising edge of TCK as the TAP controller exits the 
Capture-DR Capture-DR state. 







TDO becomes active and TDI is made valid on the falling edge of TCK. The first bit is shifted into the TAP 
on the rising edge of TCK as the TAP controller advances to the next state. 


| 19-20 | Shif-DR The binary value 101 is shifted in via TDI, while the binary value 010 is shifted out via TDO. 





Exit1-DR TDO becomes inactive (goes to the high-impedance state) on the falling edge of TCK 
| 22 | Update-DR The selected data register is updated with the new data on the falling edge of TCK 
оа 






Select IR-Scan | 
Test-Logic-Reset | Test operation completed 
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TMS 
МА А ААА AINAN S 
то! PRISON 
TDO 
“ро | C | с | с tc с | ск | с | ес tc сісіс|с|% 
9 |5 = = = | + а a aia 8 
881818 Š 1158181 š 23880 
TAP |o |ë |5 ЕЕ e ша б ЗЕ Е | е 
Controller] 2 | + | > | 5 |6 5|5|5 55$ 
State |2|2|9|2 $ |° 2 а Е 
2| 3/5 3 88 5 
= = 


а 3-State (TDO) ог Don’t Care (ТО!) 


Figure 13. Timing Example 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 


Supply-voltage тапов; VCG xeu co АЛЫМ ал ҚЫ Rd D Ob изказал -0.5Vto7V 
Input voltage range, V| (except I/O ports) (see Note 1) .................................. -0.5Vto7V 
Input voltage range, Vi (I/O ports) (see Note 1) ....................................... —0.5 V to 5.5 V 
Voltage range applied to any output in the high state or power-off state, Vo .............. —0.5 Vto 5.5 V 
Current into any output in the low state, lo: SN54ABT18640 ................................... 96 mA 
SN74ABT18640 .................................. 128тА 

Input clamp current; lik (Мр & D) решо јин ибн кан и ees e] rh etri Des ie аза HUE жа ы ж —18 mA 
Output clamp current, lege (Vo <0) ........................................................ —50 mA 
Continuous current Through: Vog «45 eda rr RR dee eee аты cok ES S RO RICE RES EK ER CI 576 mA 
Continuous current through GND писан bers evs за TERRPASEREPCU ERE pasa eR Sha v књ 1152 mA 
Maximum power dissipation at TA = 55°C (in still air) (see Note 2): DGG package .................. 1W 
DE.packaga- uu о а ситно: 1.4 W 

Storage temperature range, Ту -................................................. -65°C to 150°C 


1 Stresses beyond those listed under “absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1. The input and output negative-voltage ratings can be exceeded if the input and output clamp-current ratings are observed. 


2. The maximum package power dissipation is calculated using a junction temperature of 150°C and a board trace length of 750 mils. 
For more information, refer to the Package Thermal Considerations application note in the ABT Advanced BICMOS Technology Data 
Book, literature number 5СВр002. 
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recommended operating conditions (see Note 3) 


SN54ABT18640 | SN74ABT18640 
[| MN MAX| MN мах МТ 


[Voc Sumywg [55 ss 55] У | 
ЧИТТЕ ИСИ ГИ С 
SC С ы c YE) d 
Y ITINERE ГУЗ ЕСЕН 
пон мәсет” [E L P 

та | 

ШІН 











<| < 















Low-level output current = 48| 64| 
N Input transition rise or fall rate £ 10 | 1 
Operating free-air temperature 17-6 18) — — | 


ROTE 3: Unused pins (input or I/O) must be held high or low to prevent them from floating. 


N 








electrical characteristics over recommended operating free-air temperature range (unless 


otherwise noted) 
ТА = 25°C SN54ABT18640 | SN74ABT 16040 
PARAMETER TEST CONDITIONS 
MIN ТҮРТ маж мм MAX| MN MAX| © 
ik [Veo = 48, e te mA ты нә] ш кч не 


Усс=45\,  loH=-3mA о [= 156211 
veces онза L 3 — [з — | ОИ 
Уон СС = = ү 
он--4“4 | 2 | 2 _|_____ 
Voc = 4.5 V 
ou--93mÀA | 2 — | C | 2 O 
б о у= Е en 
Voc =4.5 V OL 
бат | tT 
DIR, OE, TOK |l up up um 
Voc = 5.5 V, Vj = Усс or GND 
== [до'Вроз _| 007 559 И = Voo 
i un Ch C о eT НГ. | 
[m frons _[voo=85v,__vi-Gno__| «0 moj 3 № 40-100] л | 
m Voc - 55 V, TE 2.7 V — == 5 и 

















ог? Нарва с Yo-üsV НН О БЕЈ ЗИ 
br — роо Мо" Vo АБУ a #460 
og [owes 400-854 почвен [ өы s| [мл 
Ощрив | — е] 
Ошрлом | s j| s| зіп 
Al q Voc = 5.5 V, One input at 3.4 V, 
cc Other inputs at Voc or GND 
ЕСЕН Control inputs. | М = 2.5 V or 0.5 V 
Го. [mo — vo=zsverosv а БН [БЕДЕ Бан 
* On products compliant to MIL-PRF-38535, this parameter does not apply. 
t The parameters IozH and lozu include the input leakage current. 
§ Not more than one output should be tested at a time, and the duration of the test should not exceed one second. 


те СУМО c27 VorüSV 
| 05 | | |Усс-55У, Vo -2.5V -50 -110 -200| -50 -200| -50 -200 
A or B ports 
Outputs disabled 2.9 4.5 J] — | 451 
Cio |Хогвров |Уо-25/0г05/ к= == E 
ТА typical values are at Voc = 5 V. 
$ This is the increase in supply current for each input that is at the specified TTL voltage level rather than Voc or GND. | 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (test mode) (see Figure 14) 
























SN54ABT18640 | SN74ABT18640 
[| мм MA| MN мах Ч" 
— [А B, DIR, or OE before ТСКТ 
teu Setuptime TDI before TCKT | 4s > | 45 . | 
TMS before TCKT [ sed | 36 | 
A, B, DIR, or OE aer tekt | og | o | 
th Holdtime TDI ater TCKT (ss | o | 
TMS after TOKT s | 95 | 
td Delay time Power up to TCKT | __5о0 |] 5 [| ms | 
|. Risetme [Voc Power up BE ee RES eee ЖҮЗЕ 





switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (normal mode) (see Figure 14) 


Voc 25 V, 
FROM TO ред SN54ABT18640 | SN74ABT18640 
PARAMETER (INPUT) (OUTPUT) A | UNIT 
ин те мак ын мк ин MAK] 


IN 
15 <Б] 15 45) 
PLH AorB BorA x 
PH [ 15 31 e| 1549681 15 54 
2 





28 41 15 48 
15 54 

== э = | ва ыы 
=i А а а в 5 s 8 
= zs ss os| 25 os| 25 ss 
25 48 e| 425 85 25 75 


switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (test mode) (See Figure 14) 


Voc =5V, 
FROM TO T SN54ABT18640 | SN74ABT18640 
PARAMETER (INPUT) (OUTPUT) A 
МЫ тие WAX] мм ма мно мак 
Гы | 


| fmx | | |) s о — 
PLE теку AorB 
tPHL 3 7 10.1 28 138] 3 128) 


| PH | 2 34 5 
PLH TCKL TDO È 
{PHL | 2 39 56| 2 Ж7| 2 651 


+ тв тов 
PZH TCKL AorB 

tPZL 4 76 105 
238 = от 

pe TCKL TDO 

tPZL 2.5 4 5.7 
ss 77 108 | 2s ты 

Ял TCKL AorB | ы 


2 39 57 
ЕНЕ TCKL TDO 
15 35 5. : : : : 
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PARAMETER MEASUREMENT INFORMATION 


at 






O Open 
GND 


From Output 
Under Test 


CL = 50 pF 


(see Note A) | 


tPLH/tPpHL 


tPLz/tPzL 
tPHZ/tPZH 





Ш---о 


LOAD CIRCUIT 


------< 3V 
Timing Input ШО ТОШ 
=== оу 
k— ———0 Ш 
| | tsu th 


| | зу | | 

| | | | 3V 
при 15V 15V | Data Input 15V . 

| ov ov 


VOLTAGE WAVEFORMS = VOLTAGE WAVEFORMS 
PULSE DURATION SETUP AND HOLD TIMES 
3V | 3V 
Output 1 
d | ЖЕРІ РР КЄ | 
tPLH 4) tPHL | | 
| | ej VER eo = in > y 3.5V 
aveform i 
Output | 15V | 15V и ста ту | е | VoLs03V y 
| OL (see Note В) | | | oL 
l«—»L— t | 14РН2 M + 
tPHL — | РН tPzH— б | 
| | Уон Output | ———— Мон 
15V 45V Waveform 2 15V Мон -0.3 V 
Output d 5 S1 at Open 2 
| ——— VoL (seo Note B) | жуу 
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES ENABLE AND DISABLE TIMES 
INVERTING AND NONINVERTING OUTPUTS LOW- AND HIGH-LEVEL ENABLING 


NOTES: A. Сү includes probe and jig capacitance. 
B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 
C. All input pulses are supplied by generators having the following characteristics: PRR < 10 MHz, Zo = 50 О, tr < 2.5 ns, {< 2.5 ns. 
D. The outputs are measured one at a time with one transition per measurement. 


Figure 14. Load Circuit and Voltage Waveforms 
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SCAN TEST DEVICES 
WITH 18-BIT UNIVERSAL BUS TRANSCEIVERS 





Members of the Texas Instruments 
SCOPE™ Family of Testability Products 
Members of the Texas Instruments 
Widebus ™ Family 

Compatible With the IEEE Standard 
1149.1-1990 (JTAG) Test Access Port 

and Boundary-Scan Architecture 

UBT™ (Universal Bus Transceiver) 
Combines D-Type Latches and D-Type 
Flip-Flops for Operation in Transparent, 
Latched, or Clocked Mode 

Bus Hold on Data Inputs Eliminates the 
Need for External Pullup Resistors 

B-Port Outputs of 'ABTH182502A Devices 
Have Equivalent 25-Q Series Resistors, So 
No External Resistors Are Required 


State-of-the-Art EPIC-IIB ™ BiCMOS Design 





One Boundary-Scan Cell Per I/O 
Architecture Improves Scan Efficiency 


SCOPE Instruction Set 

— IEEE Standard 1149.1-1990 Required 
Instructions and Optional CLAMP and 
HIGHZ 

— Parallel-Signature Analysis at Inputs 

— Pseudo-Random Pattern Generation 
From Outputs 

— Sample Inputs/Toggle Outputs 

- Binary Count From Outputs 

— Device Identification 

— Even-Parity Opcodes 


Packaged in 64-Pin Plastic Thin Quad Flat 
(PM) Packages Using 0.5-mm 
Center-to-Center Spacings and 68-Pin 
Ceramic Quad Flat (HV) Packages Using 
25-mil Center-to-Center Spacings 


SN54ABTH18502A, SN54ABTH182502A ... HV PACKAGE 


(TOP VIEW) 





NC - No internal connection 
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Copyright © 1996, Texas Instruments Incorporated 
On products compilant to MIL-PRF-38535, all parameters are tested 
unless otherwise noted. On all other products, production 
processing does not necessarily include testing of all parameters. 


SCOPE, Widebus, UBT, and EPIC-IIB are trademarks of Texas Instruments Incorporated. 
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SN74ABTH18502A, SN74ABTH182502A . .. PM PACKAGE 





description 


The 'ABTH18502A and "АВТН182502АҮ scan test devices with 18-bit universal bus transceivers are members 
of the Texas Instruments SCOPE testability integrated-circuit family. This family of devices supports IEEE 
Standard 1149.1-1990 boundary scan to facilitate testing of complex circuit-board assemblies. Scan access to 
the test circuitry is accomplished via the 4-wire test access port (TAP) interface." 


Inthe normal mode, these devices are 18-bit universal bus transceivers that combine D-type latches and D-type 
flip-flops to allow data flow in transparent, latched, or clocked modes. They can be used either as two 9-bit 
transceivers or one 18-bit transceiver. The test circuitry can be activated by the TAP to take snapshot samples 
of the data appearing at the device pins or to perform a self test on the boundary-test cells. Activating the TAP 
in the normal mode does not affect the functional operation of the SCOPE universal bus transceivers. 


Data flow in each direction is controlled by output-enable (OEAB and OEBA), latch-enable (LEAB and LEBA), 
and clock (CLKAB and CLKBA) inputs. For A-to-B data flow, the device operates in the transparent mode when 
LEAB is high. When LEAB is low, the A-bus data is latched while CLKAB is held at a static low or high logic level. 
Otherwise, if LEAB is low, A-bus data is stored on a low-to-high transition of CLKAB. When OEAB is low, the 
B outputs are active. When OEAB is high, the B outputs are in the high-impedance state. B-to-A data flow is 
similar to A-to-B data flow but uses the OEBA, LEBA, and CLKBA inputs. 


Inthe test mode, the normal operation ofthe SCOPE universal bus transceivers is inhibited and the test circuitry 
is enabled to observe and control the I/O boundary of the device. When enabled, the test circuitry performs 
boundary-scan test operations according to the protocol described in IEEE Standard 1149.1-1990. 
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description (continued) 


Four dedicated test pins observe and control the operation of the test circuitry: test data input (TDI), test data 
output (TDO), test mode select (TMS), andtest clock (TCK). Additionally, the test circuitry performs other testing 
functions such as parallel-signature analysis (PSA) on data inputs and pseudo-random pattern generation 
(PRPG) from data outputs. All testing and scan operations are synchronized to the TAP interface. 


-Improved scan efficiency is accomplished through the adoption of a one boundary-scan cell (BSC) per I/O pin 
architecture. This architecture is implemented in such a way as to capture the most pertinent test data. A 
PSA/COUNT instruction also is included to ease the testing of memories and other circuits where a binary count 
addressing scheme is useful. 


Active bus-hold circuitry holds unused or floating data inputs at a valid logic level. 


The B-port outputs of 'ABTH1825024A, which are designed to source or sink up to 12 mA, include 25-Q series 
resistors to reduce overshoot and undershoot. 


The SN54ABTH18502A and SN54ABTH182502A are characterized for operation over the full military 
temperature range of -55°C to 125°C. The SN74ABTH18502A and SN74ABTH182502A are characterized for 
operation from —40°C to 85°C. 


FUNCTION TABLET 
(normal mode, each register) 


INPUTS OUTPUT 
B Е 
Bot 


OEAB  LEAB CLKAB A 


X 0 
L L 
H H 
L L 
H H 


X 2 


t A-to-B data flow is shown. B-to-A data flow is similar 
but uses OEBA, LEBA, and CLKBA. 

+ Output level before the indicated steady-state input 
conditions were established 
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functional block diagram 





Boundary-Scan Register 


iLEAB < > 


1CLKAB 5% 
Усс 


10EAB -02 


ЧЕЕВА -54 


1CLKBA -55 
Усс 


10EBA -53 


УМ V VV V 


> 
E 
A 5 










2LEAB -22 Гу 
23 | 
2CLKAB 
Voc al 
2бЕАВ -21 4 Г | 
2LEBA -28 > 
27 | 
2CLKBA 
Усс 4 
—— 30 
20EBA ai 
CONI 
о ГИ 
2A1 
в 
а -----4- 
Bypass Register ЕГІ 
E a 
Register 
Identification 
Register 
Vcc 58 
TD! 24 Instruction р. TDO 
ы 7 Register 
Vcc 
56 
Бо > ТАР 
тск 26 S Controller 


Pin numbers shown are for the PM package. 
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Terminal Functions 


TERMINAL NAME DESCRIPTION 


5. Normal-function A-bus I/O ports. See function table for normal-mode logic. 


1B1-1B9, 
2B1-2B9 


1CLKAB, 1CLKBA, 2 : : : 
2CLKAB, 2CLKBA Normal-function clock inputs. See function table for normal-mode logic. 


смо [бое 


1LEAB, 1LEBA, е Е Е 
2LEAB, 2 ЕВА Normal-function latch enables. See function table for normal-mode logic. 


Normal-function output enables. See function table for normal-mode logic. An internal pullup at each terminal forces the 
2ОЕАВ, 2ОЕВА terminal to a high level if left unconnected. 
TCK 
TDI 
TDO 
TMS 
Voc 











Normat-function B-bus ИО ports. See function table for normal-mode logic. 

















Test clock. One of fourterminals required by IEEE Standard 1149.1-1990. Test operations of the device are synchronous 
to TCK. Data is captured on the rising edge of TCK and outputs change on the falling edge of TCK. 






Test data input. One of four terminals required by IEEE Standard 1149.1-1990. TDI is the serial input for shifting data 
through the instruction register or selected data register. An internal pullup forces TDI to a high level if left unconnected. 


Test data output. One of four terminals required by IEEE Standard 1149.1-1990. TDO is the serial output for shifting data 
through the instruction register or selected data register. 


Test mode select. One of four terminals required by IEEE Standard 1149.1-1990. TMS directs the device through its ТАР 
controller states. An internal pullup forces TMS to a high level if left unconnected. 


| Voc | Supply voltage 
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test architecture 


Serial-test information is conveyed by means of a 4-wire test bus or TAP that conforms to IEEE Standard 
1149.1-1990. Test instructions, test data, and test control signals all are passed along this serial-test bus. The 
TAP controller monitors two signals from the test bus, TCK and TMS. The TAP controller extracts the 
synchronization (TCK) and state control (TMS) signals from the test bus and generates the appropriate on-chip 
control signals for the test structures in the device. Figure 1 shows the TAP-controller state diagram. 


The TAP controller is fully synchronous to the TCK signal. Input data is captured on the rising edge of TCK and 
output data changes on the falling edge of TCK. This scheme ensures that data to be captured is valid for fully 
one-half of the TCK cycle. 


The functional block diagram illustrates the IEEE Standard 1149.1-1990 4-wire test bus and boundary-scan 
architecture and the relationship among the test bus, the TAP controller, and the test registers. As illustrated, 
the device contains an 8-bit instruction register and four test-data registers: a 48-bit boundary-scan register, a 
3-bit boundary-control register, a 1-bit bypass register, and a 32-bit device-identification register. 


Test-Logic-Reset 









TMS =H 











Select-DR-Scan 


Capture-DR 4 


Select-IR-Scan 





Run-Test/ldle 


TMSzL 


Capture-IR 


TMS = L 











Update-DR 





Update-IR 


TMS = L 


Figure 1. TAP-Controller State Diagram 
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state diagram description 


The TAP controller is a synchronous finite state machine that provides test control signals throughout the device. 
The state diagram shown in Figure 1 is in accordance with IEEE Standard 1149.1-1990. The TAP controller 
proceeds through its states based on the level of TMS at the rising edge of TCK. 


As shown, the TAP controller consists of 16 states. There are six stable states (indicated by a looping arrow in 
the state diagram) and ten unstable states. A stable state is a state the TAP controller can retain for consecutive 
TCK cycles. Any state that does not meet this criterion is an unstable state. 


There are two main paths through the state diagram: one to access and control the selected data register and 
one to access and control the instruction register. Only one register can be accessed at a time. 


Test-Logic-Reset 


The device powers up in the Test-Logic-Reset state. In the stable Test-Logic-Reset state, the test logic is reset 
and is disabled so that the normal logic function of the device is performed. The instruction register is reset to 
an opcode that selects the optional IDCODE instruction, if supported, or the BYPASS instruction. Certain data 
registers also can be reset to their power-up values. 


The state machine is constructed such that the TAP controller returns to the Test-Logic-Reset state in no more 
than five ТСК cycles if TMS is left high. TMS has an internal pullup resistor that forces it high if left unconnected 
or if a board defect causes it to be open circuited. 


Ғогіһе"АВТН18502А and ’АВТН182502А, the instruction register is reset to the binary value 10000001, which 
selects the IDCODE instruction. Bits 47-44 in the boundary-scan register are reset to logic 1, ensuring that 
these cells, which control A-port and B-port outputs, are set to benign values (i.e., if test mode were invoked, 
the outputs would be at high-impedance state). Reset values of other bits in the boundary-scan register should 
be considered indeterminate. The boundary-control register is reset to the binary value 010, which selects the 
PSA test operation. 


Run-Test/ldle 


The TAP controller must pass through the Run-Test/Idle state (from Test-Logic-Reset) before executing any test 
operations. The Run-Test/Idle state also can be entered following data-register or instruction-register scans. 
Run-Test/idle is a stable state in which the test logic can be actively running a test or can be idle. The test 
operations selected by the boundary-control register are performed while the TAP controller is in the 
Run-Test/ldle state. 


Select-DR-Scan, Select-IR-Scan 


No specific function is performed in the Select-DR-Scan and Select-IR-Scan states, and the TAP controller exits 
either of these states on the next TCK cycle. These states allow the selection of either data-register scan or 
instruction-register scan. 


Capture-DR 


When a data-register scan is selected, the TAP controller must pass through the Capture-DR state. In the 
Capture-DR state, the selected data register can capture a data value as specified by the current instruction. 
Such capture operations occur on the rising edge of TCK, upon which the TAP controller exits the Capture-DR 
state. | 


Shift-DR 


Upon entry to the Shift-DR state, the data register is placed in the scan path between TDI and TDO, and on the 
first falling edge of TCK, TDO goes from the high-impedance state to an active state. TDO enables to the logic 
level present in the least-significant bit of the selected data register. 
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Shift-DR (continued) 


While in the stable Shift-DR state, data is serially shifted through the selected data register on each TCK cycle. 
The first shift occurs on the first rising edge of TCK after entry to the Shift-DR state (i.e., no shifting occurs during 
the TCK cycle in which the TAP controller changes from Capture-DR to Shift-DR or from Exit2-DR to Shift-DR). 
The last shift occurs on the rising edge of TCK, upon which the TAP controller exits the Shift-DR state. 


Exit1-DR, Exit2-DR 
The Exit1-DR and Exit2-DR states are temporary states that end a data-register scan. It is possible to return 


to the Shift-DR state from either Exit1-DR or Exit2-DR without recapturing the data register. On the first falling 
edge of ТСК after entry to Exit-DR, ТОО goes from the active state to the high-impedance state. 


Pause-DR 


No specific function is performed in the stable Pause-DR state, in which the TAP controller can remain 
indefinitely. The Pause-DR state can suspend and resume data-register scan operations without loss of data. 


Update-DR 


If the current instruction calls for the selected data register to be updated with current data, such update occurs 
on the falling edge of TCK, following entry to the Update-DR state. 


Capture-IR 


When an instruction-register scan is selected, the TAP controller must pass through the Capture-IR state. In 
the Capture-IR state, the instruction register captures its current status value. This capture operation occurs 
оп the rising edge of TCK, upon which the TAP controller exits the Capture-IR state. For the 'ABTH18502A and 
'АВТН182502А, the status value loaded in the Capture-IR state is the fixed binary value 10000001. 


Shift-IR 


Upon entry to the Shift-IR state, the instruction register is placed in the scan path between TDI and TDO, and 
on the first falling edge of TCK, TDO goes from the high-impedance state to an active state. TDO enables to 
the logic level present in the least-significant bit of the instruction register. 


While in the stable Shift-IR state, instruction data is serially shifted through the instruction register on each TCK 
cycle. The first shift occurs on the first rising edge of TCK after entry to the Shift-IR state (i.e., no shifting occurs 
during the TCK cycle in which the TAP controller changes from Capture-IR to Shift-IR or from Exit2-IR to 
Shift-IR). The last shift occurs on the rising edge of TCK, upon which the TAP controller exits the Shift-IR state. 


Exit1-IR, Exit2-IR 


The Exiti-IR and Exit2-IR states are temporary states that end an instruction-register scan. it is possible to 
return to the Shift-IR state from either Exit1-IR or Exit2-IR without recapturing the instruction register. On the 
first falling edge of TCK after entry to Exit1-IR, TDO goes from the active state to the high-impedance state. 


Pause-IR 


No specific function is performed in the stable Pause-IR state, in which the TAP controller can remain 
indefinitely. The Pause-IR state can suspend and resume instruction-register scan operations without loss of 
data. 


Update-IR 


The current instruction is updated and takes effect on the falling edge of TCK, following entry to the Update-IR 
state. 
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register overview 


With the exception of the bypass and device-identification registers, any test register can be thought of as a 
serial-shift register with a shadow latch on each bit. The bypass and device-identification registers differ in that 
they contain only a shift register. During the appropriate capture state (Capture-IR for instruction register, 
Capture-DR for data registers), the shift register can be parallel loaded from a source specified by the current 
instruction. During the appropriate shift state (Shift-IR or Shift-DR), the contents of the shift register are shifted 
out from TDO while new contents are shifted in at TDI. During the appropriate update state (Update-IR ог 
Update-DR), the shadow latches are updated from the shift register. 


instruction register description 


The instruction register (IR) is eight bits long and tells the device what instruction is to be executed. Information 
contained in the instruction includes the mode of operation (either normal mode, in which the device performs 
its normallogic function, ortest mode, in which the normal logic function is inhibited or altered), the test operation 
to be performed, which of the four data registers is to be selected for inclusion in the scan path during 
data-register scans, and the source of data to be captured into the selected data register during Capture-DR. 


Table 3 lists the instructions supported by the 'ABTH18502A and 'ABTH182502A. The even-parity feature 
specified for SCOPE devices is supported in this device. Bit 7 of the instruction opcode is the parity bit. Any 
instructions that are defined for SCOPE devices but are not supported by this device default to BYPASS. 


During Capture-IR, the IR captures the binary value 10000001. As an instruction is shifted in, this value is shifted 
out ма ТОО and can be inspected as verification that the IR is in the scan path. During Update-IR, the value 
that has been shifted into the IR is loaded into shadow latches. At this time, the current instruction is updated 
and any specified mode change takes effect. At power up or in the Test-Logic-Reset state, the IR is reset to the 
binary value 10000001, which selects the IDCODE instruction. The IR order of scan is shown in Figure 2. 


Bit 7 
TDI Parity gas TDO 
(MSB) (LSB) 


Figure 2. Instruction Register Order of Scan 
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data register description 


boundary-scan register 


The boundary-scan register (BSR) is 48 bits long. It contains one boundary-scan cell (BSC) for each 
normal-function input pin and one BSC for each normal-function ИО pin (one single cell for both input data and 
output data). The BSR is used to store test data that is to be applied externally to the device output pins, and/or 
to capture data that appears internally at the outputs of the normal on-chip logic and/or externally at the device 
input pins. 

The source of data to be captured into the BSR during Capture-DR is determined by the current instruction. The 
contents of the BSR can change during Run-Test/Idle as determined by the current instruction. At power up or 
in Test-Logic-Reset, BSCs 47-44 are reset to logic 1, ensuring that these cells, which control A-port and B-port 
outputs, are set to benign values (i.e., if test mode were invoked, the outputs would be at high-impedance state). 
Reset values of other BSCs should be considered indeterminate. 


The BSR order of scan is from TDI through bits 47-0 to ТОО. Table 1 shows the BSR bits and their associated 
device pin signals. 


Table 1. Boundary-Scan Register Configuration 


NUMBER SIGNAL NUMBER SIGNAL NUMBER SIGNAL 
Г | 98 [в | мю [и | 2 | 
Оз м __| __за | exo [в | 260 | 
е | м | [зо [в | 25740 | 
м | юм | 3 | ew [ м [| 2660 
Г з — sce | s | wo [ в | 2660 | 
е | ue [ s | «uo | m [| вю | 
Сава ИЕ аю [п [эмо 

таква [в — | ооо [ ю | вю | 
[ mee | 2 | zo | ° | 290 | 
[ee | в | we | а | вю | 
[ me | 2 | o 7 | вю | 
ЕЖЕ ЗАО ПЛЕСТИ а ию | е | петао ^] 
ЕЕ | mo J s | mo 
LE — | z wee | + вво 
Lec qr И тона пан pas "огневи 
| ао | вно |° 2 вю | 
= | — [ m [| uo [| + [ше 
Е вр мо ро | wo | 
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boundary-control register 


The boundary-control register (BCR) is three bits long. The BCR is used in the snieni of the boundary-run test 
(RUNT) instruction to implement additional test operations not included in the basic SCOPE instruction set. 
Such operations include PRPG, PSA, and binary count up (COUNT). Table 4 shows the test operations that 
are decoded by the BCR. 


During Capture-DR, the contents of the BCR are not changed. At power up or in Test-Logic-Reset, the BCR is 
reset to the binary value 010, which selects the PSA test operation. The BCR order of scan is shown in 
Figure 3. 


TDI TDO 





Figure 3. Boundary-Control Register Order of Scan 


bypass register 


The bypass register is a 1-bit scan path that can be selected to shorten the length of the system scan path, 
reducing the number of bits per test pattern that must be applied to complete a test operation. During 
Capture-DR, the bypass register captures a logic 0. The bypass register order of scan is shown in 
Figure 4. 


TDI ; TDO 


Figure 4. Bypass Register Order of Scan 
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device-identification register 


The device-identification register (IDR) is 32 bits long. It can be selected and read to identify the manufacturer, 
part number, and version of this device. 


For the ’ABTH18502A , the binary value 00000000000000100111000000101111 (0002702F, hex) is captured 
(during Capture-DR state) in the IDR to identify this device as Texas Instruments SN54/74ABTH18502A. 


For the ’ABTH182502A , the binary value 00000000000000101 0110000001 01111 (0002B02F, hex) is captured 
(during Capture-DR state) in the IDR to identify this device as Texas Instruments SN54/74ABTH182502A. 


The IDR order of scan is from TDI through bits 31—0 to TDO. Table 2 shows the IDR bits and their significance. 


Table 2. Device-Identification Register Configuration 


NUMBER SIGNIFICANCE NUMBER SIGNIFICANCE NUMBER SIGNIFICANCE 

Гы | умов | zr | РАНТЧОМВЕНВ | и | WANUFACTURERTOT | 
Го | уезов” | № | PARTNUMBER | 10 | мАМОРАСТОНЕВОВ | 
[о | зом | 25 | PARTNUMBER | 9 | МАМОРАСТОНЕВОВЕ | 
[в | менвомо | = | _PaRTNUMBERT2 | 8 | MANUFACTUREROTT | 
р — — [Lo __|___вавтомаван |7 | мАМОРАСТОНЕНОВЕ | 
Г = [в [ Panumo | 6 [| MANUFACTUREROST_| 
Г = [а | мантчомвено | 5 | мамоастонено | 
Г = Го | таятмомвеное [4 | маМОРАСТОНЕНОЗ | 
Е = [о [иштнн | 3 | мамоАСТОНЕВОЯ | 
р = [ве | матамен | 2 | MANUFACTURERO | 
ЕЕ = ү влятчомвено | 4 
— ле = е ата а 
pU TEC (ЕЗІ “ӨН Ee 
ЕЕ гия: | — L — | 
== е | ымы фон po СТІ 
=Т= “Га яман [| = L | 




















T Note that for TI products, bits 11-0 of the device-identification register always contain the binary value 000000101111 
(02F, hex). 
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instruction-register opcode description 


The instruction-register opcodes are shown in Table 3. The following descriptions detail the operation of each 
Table 3. Instruction-Register Opcodes 


instruction. 
BINARY СОРЕТ 
.BIT7 BITO SCOPE OPCODE DESCRIPTION ЗЕСЕСЛЕВ DATA 
REGISTER 
MSB > LSB 


00000000 Tea 
1000000 
0000001 
0000010! 
1000011 
0000100 
[ото | сыла” | Бөлбиузегед | Boundary scan | Nomai | 


T Bit 7 is used to maintain even parity in the 8-bit instruction. 
t The BYPASS instruction is executed in lieu of a SCOPE instruction that is not supported in the "АВТН18502А or 'ABTH182502A. 
















boundary scan | 


This instruction conforms to the IEEE Standard 1149.1-1990 EXTEST instruction. The BSR is selected in the 
scan path. Data appearing at the device input and I/O pins is captured in the associated BSCs. Data that has 
been scanned into the I/O BSCs for pins in the output mode is applied to the device I/O pins. Data present at 
the device pins, except for output-enables, is passed through the BSCs to the normal on-chip logic. For ИО pins, 
the operation of a pin as input or output is determined by the contents of the output-enable BSCs (bits 47-44 
of the BSR). When a given output enable is active (logic 0), the associated I/O pins operate in the output mode. 
Otherwise, the I/O pins operate in the input mode. The device operates in the test mode. 


identification read 


This instruction conforms to the IEEE Standard 1149.1-1990 IDCODE instruction. The IDR is selected in the 
scan path. The device operates in the normal mode. 


sample boundary 


This instruction conforms to the IEEE Standard 1149.1-1990 SAMPLE/PRELOAD instruction. The BSR is 
selected in the scan path. Data appearing at the device input pins and I/O pins in the input mode is captured 
іп the associated BSCs, while data appearing at the outputs of the normal on-chip logic is captured in the BSCs 
associated with I/O pins in the output mode. The device operates in the normal mode. 
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bypass scan 


This instruction conforms to the IEEE Standard 1149.1-1990 BYPASS instruction. The bypass register is 
selected in the scan path. A logic 0 value is captured in the bypass register during Capture-DR. The device 
operates in the normal mode. 


control boundary to high Impedance 


This instruction conforms to the IEEE Standard 1149.1a-1993 HIGHZ instruction. The bypass register is 
selected in the scan path. A logic 0 value is captured in the bypass register during Capture-DR. The device 
operates in a modified test mode in which all device I/O pins are placed in the high-impedance state, the device 
input pins remain operational, and the normal on-chip logic function is performed. 


control boundary to 1/0 


This instruction conforms to the IEEE Standard 1149.1a-1993 CLAMP instruction. The bypass register is 
selected in the scan path. A logic 0 value is captured in the bypass register during Capture-DR. Data in the /О 
8505 for pins in the output mode is applied to the device I/O pins. The device operates in the test mode. 


boundary-run test 


The bypass register is selected in the scan path. A logic O value is captured in the bypass register during 
Capture-DR. The device operates in the test mode. The test operation specified in the BCR is executed during 
Run-Test/Idle. The five test operations decoded by the BCR are: sample inputs/toggle outputs (TOPSIP), 
PRPG, PSA, simultaneous PSA and PRPG (PSA/PRPG), and simultaneous PSA and binary count up 
(PSA/COUNT). | 


boundary read 


The BSR is selected in the scan path. The value in the BSR remains unchanged during Capture-DR. This 
instruction is useful for inspecting data after a PSA operation. 


boundary self test 


The BSR is selected in the scan path. All BSCs capture the inverse of their current values during Capture-DR. 
In this way, the contents of the shadow latches can be read out to verify the integrity of both shift-register and 
shadow-latch elements of the BSR. The device operates in the normal mode. 


boundary toggle outputs 


The bypass register is selected in the scan path. A logic 0 value is captured in the bypass register during 
Capture-DR. Data in the shift-register elements of the selected output-mode BSCs is toggled on each rising 
edge of ТСК in Run-Test/Idle, updated іп the shadow latches, and applied to the associated device I/O pins оп 
each falling edge of TCK in Run-Test/ldle. Data in the input-mode BSCs remains constant. Data appearing at 
the device input or I/O pins is not captured in the input-mode BSCs. The device operates in the test mode. 


boundary-control-register scan 


The BCR is selected in the scan path. The value in the BCR remains unchanged during Capture-DR. This 
operation must be performed before a RUNT operation to specify which test operation is to be executed. 





35 TEXAS 
INSTRUMENTS 


5-16 POST OFFICE BOX 655303 € DALLAS, TEXAS 75265 


SN54ABTH18502A, SN54ABTH182502A, SN74ABTH18502A, SN74ABTH182502A 
SCAN TEST DEVICES 
WITH 18-BIT UNIVERSAL BUS TRANSCEIVERS 


SCBS164E - AUGUST 1993 - REVISED DECEMBER 1996 





boundary-control-register opcode description 


The BCR opcodes are decoded from BCR bits 2-0 as shown in Table 4. The selected test operation is performed 
while the RUNT instruction is executed in the Run-Test/Idle state. The following descriptions detail the operation 
of each BCR instruction and illustrate the associated PSA and PRPG algorithms. 


Table 4. Boundary-Contro! Register Opcodes 


BINARY CODE 
BIT 2 — BIT 0 DESCRIPTION 
MSB > LSB 
Sample inputs/toggle outputs (TOPSIP) 
Pseudo-random pattern generation/36-bit mode (PRPG) 









Simultaneous PSA and PRPG/18-bit mode (PSA/PRPG) 


Simultaneous PSA and binary count up/18-bit mode (PSA/COUNT) 





While the control input BSCs (bits 47—36) are not included in the toggle, PSA, PRPG, or COUNT algorithms, 
the output-enable BSCs (bits 47—44 of the BSR) control the drive state (active or high impedance) ofthe selected 
device output pins. These BCR instructions are valid only when both bytes of the device are operating in one 
direction of data flow (that is, ТОБАВ z 1OEBA and 2OEAB z 2OEBA) and in the same direction of data flow 
(that is, 1OEAB = 2ОЕАВ and 1OEBA = 2ОЕВА). Otherwise, the bypass instruction is operated. 


























sample inputs/toggle outputs (TOPSIP) 
Data appearing at the selected device input-mode /О pins is captured in the shift-register elements of the 
associated BSCs on each rising edge of ТСК. Data in the shift-register elements of the selected output-mode 
BSCs is toggled on each rising edge of TCK, updated in the shadow latches, and applied to the associated 
device I/O pins on each falling edge of ТСК. 
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pseudo-random pattern generation (PRPG) 


A pseudo-random pattern is generated in the shift-register elements of the selected BSCs on each rising edge 
of ТСК, updated in the shadow latches, and applied to the associated device output-mode ИО pins on each 
falling edge of TCK. Figures 5 and 6 illustrate the 36-bit linear-feedback shift-register algorithms through which 
the patterns are generated. An initial seed value should be scanned into the BSR before performing this 
operation. A seed value of all zeroes does not produce additional patterns. 


2A9-/O  2A8-/O  2A7-/O  2A6-/O  2A5-/O 2А4-/О  2A3-/O  2A2-/O 2А1-/0 





1A7T-l/O  1A6-/O  1A5-/O  1A4-/O  1A3-/O  1A2-/O 1А1-/О 


Ж пе Ма ie us 


1А9-/О 1А8-/0 










2B9-/O  2B8-/O  2B7-/O  2B6-/O  2B5-/O 2840  2B3-/O  2B2-/O 281-/0 





Ф J > 1B9-/O 1B8-/O 187-/0  1B6-/O  1B5-/O 1840  1B3-/O 182/0 1В1-/О 





Figure 5. 36-Bit PRPG Configuration (ТОЕАВ = 2ОЕАВ = 0, 10EBA = 2OEBA = 1) 
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pseudo-random pattern generation (PRPG) (continued) 


2B9-/O 288-/0  2B7-/O  2B6-/O  2B5-/O  2B4-/O  2B3-/O  2B2-/O 281-/0 






1B9-/O  1B8-/O  1B7-/O  1B6-/O  1B5-/O  1B4-/O 183-/0 1В2-/0 1В1-/О 


He йй am me SED 









2A9-/O 2А8-/О  2AT-/O  2A6-/O  2A5-/O  2A4-l/O  2A3-/O  2A2-/O 2А1-/0 


© | J> 1A9-/O 1А8-/0 1А7-/0  1A6-/O  1A5-/O  1A4-/O  1A3-/O 1ҮА2-/0 1А1-/О 
Figure 6. 36-Bit PRPG Configuration (1OEAB = 2ОЕАВ = 1, 10EBA = 2ОЕВА = 0) 
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parallel-signature analysis (PSA) 


Data appearing at the selected device input-mode 1/O pins is compressed into a 36-bit parallel signature in the 
shift-register elements of the selected BSCs on each rising edge of TCK. Data in the shadow latches of the 
selected output-mode BSCs remains constant and is applied to the associated device ИО pins. Figures 7 and 8 
illustrate the 36-bit linear-feedback shift-register algorithms through which the signature is generated. An initial 
seed value should be scanned into the BSR before performing this operation. 


2A9-/O  2A8-/O 2A7-I/0  2A6-/O  2A5-/O  2A4-//O 2АЗ-И/О  2A2-/O 2А1-/0 












1А1-/О 





1A6-/O  1A5-/O 1А4-/0 1АЗ-/О 





1A2-1/0 





1А9-/О 





1А8-/О 





1А7-/0 


"UP тъ 





Ф | J > 1B9-/O  1B8-/O 187-/0  1B6-/O  1B5-/O  1B4-/O  1B3-/O  1B2-/O 1В1-/0 








Figure 7. 36-Bit PSA Configuration (1ОЕАВ = 2ОЕАВ = 0, ТОЕВА = 20EBA = 1) 
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parallel-signature analysis (PSA) (continued) 


2B9-/O 288-00 287-/0 286-00 285-/0 2В4-/0 2B3-/O  2B2-/O 281-/0 






1B9-/O  1B8-/O  1B7-/O  1B6-/O  1B5-/O 1В4-/0  1B3-/O  1B2-/O 1В1-/О 





LI LI LI LI LI LI LI, 


1A9-/O 1А8-/О 1А7-/0 1А6-ИО 1А5-/0 1А4/0 1АЗ-/ОЙ 1А2-/О > 1А1-/0 





Figure 8. 36-Bit PSA Configuration (1ОЕАВ = 20EAB = 1, 10EBA = 20ЕВА = 0) 
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simultaneous PSA and PRPG (PSA/PRPG) 


Data appearing at the selected device input-mode І/О pins is compressed into an 18-bit parallel signature in 
the shift-register elements of the selected input-mode BSCs on each rising edge of TCK. At the same time, an 
18-bit pseudo-random pattern is generated in the shift-register elements of the selected output-mode BSCs on 
each rising edge of TCK, updated in the shadow latches, and applied to the associated device I/O pins on each 
falling edge of TCK. Figures 9 and 10 illustrate the 18-bit linear-feedback shift-register algorithms through which 
the signature and patterns are generated. An initial seed value should be scanned into the BSR before 
performing this operation. A seed value of all zeroes does not produce additional patterns. ` 


2A9-/O 2А8-ИО 2А7-/0  2A6-/O  2A5-/O  2A4-l/O  2A3-/O  2A2-l/O 2А1-ПО 


1A9-/O  1A8-/O  1A7-/O  1A6-/O  1A5-/O 1А4-/0  1A3-/O  1A2-/O  1A1-I/O 





1B9-/O 188-00 187-/0  1B6-/O  1B5-/O  1B4-/O  1B3-/O  1B2-/O 1В1-/О 


Figure 9. 18-Bit PSA/PRPG Configuration (1OEAB = 2OEAB = 0, ТОЕВА = 2ОЕВА = 1) 
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simultaneous PSA and PRPG (PSA/PRPG) (continued) 


2B9-/O  2B8-/O  2B7-/O  2B6-/O  2B5-/O 2840  2B3-/O  2B2-/O 2В1-/О 





(8 = J > 1A9-/O  1A8-/O  1A7-/O  1A6-l/O 1А5-/0 1А4-/О 1АЗ-/ОЙ 1А2-/О  1A1-I/O 


Figure 10. 18-Bit PSA/PRPG Configuration (1OEAB = 2OEAB = 1, 10EBA = 20EBA = 0) 
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simultaneous PSA and binary count up (PSA/COUNT) 


Data appearing at the selected device input-mode !/O pins is compressed into an 18-bit parallel signature in 
the shift-register elements of the selected input-mode BSCs on each rising edge of TCK. At the same time, an 
18-bit binary count-up pattern is generated in the shift-register elements of the selected output-mode BSCs on 
each rising edge of ТСК, updated in the shadow latches, and applied to the associated device I/O pins on each 
falling edge of TCK. Figures 11 and 12 illustrate the 18-bit linear-feedback shift-register algorithms through 
which the signature is generated. An initial seed value should be scanned into the BSR before performing this 
operation. 


2A9-/O  2A8-/O  2A7-/O  2A6-/O  2A5-/O 2А4-/О  2A8-/O  2A2-/O  2A1-l/O 


1A9-l/O 1А8-/О 1А7-/0 1А6-/0 1ҮА5-ИО 1ҮА4-/0О  1A3-I/O 1А2-/0 1А1-/О 





1ПППППППП 


2B9-/O  2B8-/O 287-/0  2B6-/O 2В5-/О 2В4-/0 283/0 2В2-/О 281-/0 


5^0 ппппппппЁ 


= J > 1B9-/0  1B8-/O  1B7-/O 1В6-/О  1B5-/O 1В4-/О  1B3-/O  1B2-/O 1Б1-/О 


Figure 11. 18-Bit PSA/COUNT Configuration (1OEAB = 2ОЕАВ = 0, ТОЕВА = 2OEBA = 1) 
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simultaneous PSA and binary count up (PSA/COUNT) (continued) 


2B9-/O  2B8-/O  2B7-/O  2B6-/O  2B5-/O  2B4-/O  2B3-/O  2B2-/O 281-/0 





© 


2A9-/O 2А8-/0 2А7-ІО 2А6-/О 2А5-!О 2А4-//О 2A3-/O 2А2-/0 2А1-/О 


ир 


1A9-/O 1А8-/О 1А7-/0 1А6-/О 1А5-/О 1А4/0 1АЗ-/О 1А2-/О 1А1-/0 


Figure 12. 18-Bit PSA/COUNT Configuration (ТОЕАВ = 2ОЕАВ = 1, 10EBA = 2ОЕВА = 0) 
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timing description 


All test operations of the 'ABTH18502A and 'ABTH182502A are synchronous to ТСК. Data on the TDI, TMS, 
and normal-function inputs is captured onthe rising edge of TCK. Data appears onthe TDO and normal-function 
output pins on the falling edge of TCK. The TAP controller is advanced through its states (as shown in Figure 1) 
by changing the value of TMS on the falling edge of TCK and then applying a rising edge to TCK. 


A simple timing example is shown in Figure 13. In this example, the TAP controller begins in the 
Test-Logic-Reset state and is advanced through its states, to perform one instruction-register scan and one 
data-register scan. While in the Shift-IR and Shift-DR states, TDI is used to input serial data, and TDO is used 
to output serial data. The TAP controller is then returned to the Test-Logic-Reset state. Table 5 details the 
operation of the test circuitry during each TCK cycle. 


| Table 5. Explanation of Timing Example 


TCK TAP STATE 
CYCLE(S) | AFTER ТСК DESCRIPTION 
; TMS is changed to a logic 0 value on the falling edge of TCK to begin advancing the TAP controller toward 
Test-Logic-Reset | the desired state. 


иле ООО 
о |] 
e [sesan | —— — LL 

























Capture-IR The IR captures the 8-bit binary value 10000001 on the rising edge of TCK as the TAP controller exits the 


E Capture-IR state. 
Shift-IR TDO becomes active and TDI is made valid on the falling edge of TCK. The first bit is shifted into the TAP on 
the rising edge of TCK as the TAP controller advances to the next state. 
One bit is shifted into the IR on each TCK rising edge. With TDI held at a logic 1 value, the 8-bit binary value 
7-13 Shift-IR 11111111 is serially scanned into the IR. At the same time, the 8-bit binary value 10000001 is serially scanned 
out of the IR via TDO. In TCK cycle 13, TMS is changed to a logic 1 value to end the IR scan on the next TCK 
cycle. The last bit of the instruction is shifted as the TAP controller advances from Shift-IR to Exit1-IR. 
| 14 | ЕЖНА _ | ТОО becomes inactive (goes to the high-impedance state) on the falling edge of ТСК. 
Update-IR | The IR is updated with the new instruction (BYPASS) on the falling edge of ТСК. 
[ 3: [з=н | 
: The bypass register captures a logic 0 value on the rising edge of TCK as the TAP controller exits the 
Capture-DR Capture-DR state. 
| а | БЕС TDO becomes active and TDI is made valid on the falling edge of TCK. The first bit is shifted into the TAP on 


the rising edge of TCK as the TAP controller advances to the next state. 


19-20 | — Shift-DR | The binary value 101 is shifted in via TDI, while the binary value 010 is shifted out via TDO. 





[m | нен 
[ 22 | Update-DR __| n general, he selected data register is updated with the new data on the fling edge ot TOK, — | 
[m евра | OOOO 
Со | ваня OOOO 
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timing description (continued) 


1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18 19 20 21 22 23 24 25 


=) >. 


[X И А РА 2 
525252525056 





тро QKXKXKXKXKXKKKKLKKK K ХЫ 





a9 9 9,9 9.9, ХХХ 9 9,949 5 99,9 CS < 

а | 2 | ЕЕ | а с r Im | c | C с с сЕ су 

9 = е | в 13 = = | а | 89 а да е|8|я | 8 

е |в |9 | | 5 Е Е 510 |» = 220 0 а 

ТАР 6 | 9 | с | | + o Фејс | = х S що 
іка + | 8 аја | [7] ujsialzis 
Controller) ёе |е |б 5|4|5 5151518 
зае | |2 | ° $ ° |° ° 3 = 
š 2 Š 

Ф 
8| |8 $ Е 


ЕЯ 3-State (TDO) or Don’t Care (TDI) 


Figure 13. Timing Example 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 


Supply voltage range, VGC uius pace vao wal vna eoe Ris Бала sees RR ACER Ы -0.5 Vto7 V 
Input voltage range, Vi: except I/O ports (see Note 1) .................................. -0.5 Vto7 V 
VO ports (ове Notë T): а ава на говор аа dw whee E eee ed —0.5 V to 5.5 V 

Voltage range applied to any output in the high state or power-off state, Vo .............. —0.5 V to 5.5 V 
Current into any output in the low state, lo: SNS4ABTH18502A ................................ 96 mA 
SN54ABTH182502A (A port or TDO) ................. 96 mA 

SN54ABTH182502A (B port) ........................ 30 mA 

SN74ABTH18802AÀ ............................... 128 mA 

SN74ABTH182502A (A port or TDO) ................ 128 mA 

SN74ABTH182502A (B port) ........................ 30 mA 

Input clamp current, lk (Vps 0) dias eres wk RET EET DH UR CO ERES ERR IE ARI ERU TT EVA -18 ПА 
Output clamp current, lok (Vo <0) ........................................................ -50 mA 
Continuous current through VOC saws. vox no RR On P E EE А abe ea rox EES CEA T CE 576 mA 
Continuous current through GND ........................................................ 1152 mA 
Maximum power dissipation at TA = 55°C (in still air) (see Note 2): PM package .................... 1W 
Storage temperature range, Tstg ...-.................... III —65°С to 150°C 


t Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1. The input and output negative-voltage ratings can be exceeded if the input and output clamp-current ratings are observed. 

2. The maximum package power dissipation is calculated using a junction temperature of 150°C and a board trace length of 75 mils. 
For more information, refer to the Package Thermal Considerations application note in the ABT Advanced BiCMOS Technology Data 
Book, literature number $СВО002. 
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recommended operating conditions 













[MN мак 
Woo бий | ЖЕСІН 
[Vig нането 
[Vy Lowlevelinputvotage — — — —— — — TT 95] 
fon шығама” 1-41-41. 
По. Low-level outputcurent ИСИ 5 | па 
ау — imutransionrseoralrag — — — |у 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



























SN54ABTH18502A 
PARAMETER TEST CONDITIONS UNIT 
Пик ТУРЕ MAX] MN MAX | 
Мк 1|Уо-45у Пе АВ mA [ 2| | v | 
Усс=45% нет [25 — | 25 | 
Мести онза — | 3 [| 35 Jj 
Усс-45/ ___онс ата — | 2 J —2 — 

xL ee ТИ СХ ИЯ %ю зри 
обр |] Усс=Б5\, = (оре OND —— dm] — и 
И fies. seg [of SER 
Voo=55V, = GND Eus m жю 
AB Hos mm: — = 

| 


Усс =2.1 V to 5.5 V, 

Усс = ЖЕТҮҮ 
lozL Vo=05V, ОЕ-2У 
OZPU VO = 2.7 V or 0.5 V, OE- 

Vcc = 2.1 V to 0, EN 


=== Voo 20 Vior Vo sas — — 
ig omia — Voo-88V Мо-вву НН ийнинен ПЕ БИГ нй 
s s ш е ы = 


CTI REN ы IL а 
Outputs disabled | Vi = УСС or GND | 79—35 


e iee И e 
| ae ПЕРСОН == ЕН 

= ee =. 
[с [o - оов | 


t All typical values are at Усс = 5 V. 

+The parameter It(hold) includes the off-state output leakage current. 

§ Not more than one output should be tested at a time, and the duration of the test should not exceed one second. 

Ч This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND. 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 













SN74ABTH18502A 
TA = 25°C TA = —40°C to 85°С | UNIT 
МЫ” ТҮРЕ мах] M MAX | 
2... 
Voo raV __0 = 3 mA paccm m 
ОО "АТИ ЗЕ . — а 
VoH cc#5 OH =— m V 
ОНЕ o | 3 T —— ——] 
Voc = 4.5 V 
ЕЕ [ә = 
“КУТТ: [ox e s 
Voc = 4.5V 
EE RTT ыы. 
= CLK, LE, ТСК Voc = 010 5.5 V, eVocorGND — ]| tt, 
u 








PARAMETER TEST CONDITIONS 



















AorB |АогВров | Voc = 5.5 V, у Voc or GND +20 
hin [OE TOL TS |Vco-55V. ‘i= Voc 
a [oe To ws саву мен ааа 






en отново 


Усс = 2.1 V to 5.5 V, 
Voc = 2.1 V to 5.5 V, 
Mie Oto 2.1 x 
| Усс = 2.1 V to 0, 
OZPD — ОЕ = 0.8 V 











а СЕТЕ мего АБУ — 
са ЕС: И оставу. отаву м тик 






Мос 85V, 

[Outputs iow | |Outputslow | lo = 0, Aor Bports —— mA 
Vi" Voc or GND 

Lc d pe 

CRI: NENNT — 

с URN MT Dp CEN D DU 


a [mo — — —]Voz2sveresv — — уу dC 


t All typical values are at Voc = 5 V. 

t The parameter lt(hold) includes the off-state output leakage current. 

§ Not more than one output should be tested at a time, and the duration of the test should not exceed one second. 

{ This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND. 
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timing requirements over recommended ranges of ss in) voltage and operating free-air 
temperature (unless otherwise noted) (normal mode) (see Figure 14) 


SN54ABTH18502A | SN74ABTH18502A 
[ MN мах | MN MAX | ” 
{clock Clock frequency | CLKAB or CLKBA о 100 0 100 
22. |САКАВ or CLKBA Figh or Tow ee A 
tw Pulse duration Е 
LEAB or LEBA high 
A before CLKABT or B before CLKBAT 


CLK low 
і A after CLKABT or В after CLKBAT 
Hold time 


t Setup time CLK high БЕТ RR 
эн р A before LEABL or B before LEBAL и BET ЖЕШИН E 
Rafer LEABL or B ater LEGAL — Бестен m 





timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (test mode) (see Figure 14) 


E 












Ecc КЕ 
Е TK L 8 L s |] 

ы бере [Ше СИ ОЕ 
[A,B с, огбЁа ТТ | 28 — —] 15$ 

80 Holdtime 
Е 


td Delay time Power up to TCKT | в | | 
| _____Бвепте |Vocpowerup E ccce ТИГТ 


* On products compliant to MIL-PRF-38535, this parameter is not production tested. 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (normal mode) (see — дек 14) 


|. SN54ABTH18502A || 
FROM TO Үсс-5У, Voc = 45 V to 5.5 V, 
PARAMETER (INPUT) (OUTPUT) E 25'C Ta -55*Cto 125°C | UNIT 
ин тє ша ин нә] _ 


| fmax | СОКАВ ог СКВА 














= AorB BorA 
| othe | CEE OAT UT св 
Ls car ва 38 ва 
те ү CLKAB ог CLKBA BorA 
el ЕБЕ БЕГ oae 2 
— 38350 155 
TETEE LEAB or LEBA BorA 
Съ is 3s ЕСИ 
— es 1.5 7.5 
OEAB ог СЕВА BorA 
д 42 58 16 75 


7.2 2.8 8.9 
PHZ OEAB or OEBA BorA 


switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (normal mode) (see Figure 14) 


| 8М74АВТНІ8502А | 
FROM TO EET 5V, Voc = 4.5 V to 5.5 V, 
PARAMETER (INPUT) (OUTPUT) Ја 25°C ТА = -40°С 10 85°С | UNIT 
Оюн түр WAX| мы wax] 


ce ae | Se rum ЕСЕ 
ES 15 за —s| 15 85 





з эт 5[ 1555 
PLH CLKAB or CLKBA BorA 
tPHL 1.5 3.8 5 1.5 5.5 
| 15 39 55| 15 6| 
PLH LEAB or LEBA BorA 
tPHL 15 36 55 15е 


= = те 55 
ОЕАВ ог ОЕВА ВогА 
Bij шамы вел _ | m 
== ае ЖЕЗ) БҰРЫС СЕС 
PHZ OEAB or OEBA BorA 5% 
ЗВ > j 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (test mode) (see Figure 14) 


FROM Mar Lec SN54ABTH18502A | SN74ABTH18502A 
PARAMETER (INPUT) вот UNIT 
БА НС | тшшн та 


m SER = = 
TCKL AorB 
| HU | 25 76 108 2.5 14 2.5 12.4 


2 38 Бај 2  -7 | - = 561 
РЕН TCKL TDO 
'PHL 2 4 5.1 Ее ы 
|_-__5 150 lu 4 М 
PET TCK; AorB 



















FEET 4 па| 416 | 4136 | 
с=з = 

ом | m | 

BED ae ыш аа арава 






сш со сеа 
tPLZ 
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recommended operating conditions 


Усс _ Supply voltage | 45 55| 4 | 
Мн _ High-level input voltage лж UE Se eee ут 













VIL Low-level input voltage 0.8 
VI Input voltage 0 Усс 0 Vcc 


A port, TOO о = 
loH High-level output current 5 = тА 
В рой CO g ao] ë 


Арољтоо | ~ 4| %| 
IOL Low-level output current A mA 
Bon |4 | 


МАУ Input transition rise or fall ate оо еу | 
ТА Operating free-air temperature | 2-55 125 | -40 85 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 


Ta = 25°C SN54ABTH182502A | SN74ABTH182502A 
PARAMETER TEST CONDITIONS UNIT 


Моста tema |] PC 
Vcc-48V она | 28 — _[ 5 | ево 
Voc-5V он- ЗА | 3 |) 83 o 3 | 
A port, TDO вое он“ 
lon=-24ma | 2 ____| 2 |). O 
Voc = 4.5 V 
юн=-2т | oa 
(бс АБУ; Кыза 525 
Vco-5M он-атА |s — — | 3 |за | 
B port CC OH 
ОНС 3 тА 
Vcc = 4.5 V 
он--2тлі | 26€ —— | | 26 ____ 
о = 4вта | ов) 05) 2 | 
A port, ТОО Усс = 4.5 V 
оста | ов ов 
Пот | 0 065 | 
B port Voc = 4.5 У lou > 
loL = 12 тА — Hk 


7 = 5.5 V, М 


|i, ___| ОБЕ, тог, TMS ee 58, Маме | m IE Ie 
|i; |ОЕ, TDI, TMS |Vcc 2 55V, Vj GND -40 -150| 2540 -150 | -40 -150 | pA | 


А ТКЕН а лет ТЕТІ z 20 воі ав oa 
or S ва. 
(рода P ee м 22V -7& 0 5594 | -5 -5 | 


коены | SEE s| 
eae, || | fo 
fans [vo [йш] = [c ЕУ 
Битан прието БЕНЕН = 


и 7777772711700 роми 
Dom ЕЕ ЕЕ ТИ ав 


|Outputslow | low 
Outputs 
disabled 
Vcc = 5.5 V, One input at 3.4 V, 
Alco! Other inputs at УСС or GND Uae 


“ On products compliant to MIL-PRF-38535, this parameter does not apply. 

T All typical values are at Усс = 5 V. 

t The parameter I\(hold) includes the off-state output leakage current. 

§ Not more than one output should be tested at a time, and the duration of the test should not exceed one second. 

T This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND. 


A or B ports 
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electrical characteristics over recommended operating free-air temperature range (unless 


otherwise noted) (continued) 
ТА = 25°С SN54ABTH182502A | SN74ABTH182502A 
PARAMETER TEST CONDITIONS UNIT 
MIN ТҮРТ МАХ MIN MAX | MN МАХ. 


А Control = 
inputs Vj = 2.5 V or 0.5 V Low Je НЯ m 
Vo = 2.5 V or 0.5 V |240 | SAN Ed 
правили -— = eo us 


Т All typical values are at Усс = 5 V. 




















timing requirements over recommended ranges of supply voltage and operating free-air 
Pk š 











temperature (unless otherwise noted) (normal mode) (see Figure 14) 
SN54ABTH182502A | SN74ABTH182502A 
fdock Clock frequency | CLKAB or CLKBA 0 100 | MHz | 
GLKAB or CLKBA high or low Eae tu | s _ 
tw Pulse duration - d 
LEAB or LEBA high | 55 = | S j 





CLK righ 


A before CLKABT or B before CLKBAT БЕ E = 
tsu Setup time A before LEAB} ог B before LEBA} 
efore or B before СКом | 257 | 2 O 





| A after CLKABT or B after CLKBAT 
th Hold time 5 
Rater LEAB] or B after LEBAT pris ee s 





timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (test mode) (see Figure 14) 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (normal mode) (see Figure 14) 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (test mode) (see Figure 14) 
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PARAMETER MEASUREMENT INFORMATION 
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. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

. All input pulses are supplied by generators having the following characteristics: PRR < 10 MHz, Zo = 50 О, tr < 2.5 ns, t(s 2.5 ns. 

. The outputs are measured one at a time with one transition per measurement. | 
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Figure 14. Load Circuit and Voltage Waveforms. 
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| € Members of the Texas Instruments | © One Banda Sean Celi Per /О 


SCOPE™ Family of Testability Products Architecture Improves Scan Efficiency 
€ Members of the Texas Instruments е SCOPE тч Instruction Set | 
Widebus™ Family | — IEEE Standard 1149.1-1990 Required 
€ Compatible With the IEEE Standard Instructions and Optional CLAMP and 
1149.1-1990 (JTAG) Test Access Port and HIGHZ 
Boundary-Scan Architecture - Parallel-Signature Analysis at Inputs 
— Pseudo-Random Pattern Generation 


€ ОВТ" (Universal Bus Transceiver) 
Combines D-Type Latches and D-Type 
Flip-Flops for Operation In Transparent, 
Latched, or Clocked Mode 


From Outputs | 
— Sample Inputs/Toggle Outputs 
— Binary Count From Outputs 
— Device Identification 


Need for External ритор: Resistors € Packaged in 64-Pin Plastic Thin Quad Flat 

Have Equivalent 25-Q Series Resistors, So Center-to-Center Spacings and 68-Ріп 

No External Resistors Are Required — | Ceramic Quad Flat (HV) Packages Using 
€ State-of-the-Art EPIC-IIB '" BiCMOS Design 25-mil Center-to-Center Spacings 


SN54ABTH18504A, SN54ABTH182504A ... HV PACKAGE 
(TOP VIEW) 





NC - No internal connection 


SCOPE, Widebus, UBT, and ЕРІС-ПВ are trademarks of Texas Instruments Incorporated. ^ 
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SN74ABTH18504A, SN74ABTH182504A . .. PM PACKAGE 


(TOP VIEW) 
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description 


The ’ABTH18504A and 'АВТН182504А scan test devices with 20-bit universal bus transceivers are members 
of the Texas Instruments SCOPE™ testability integrated-circuit family. This family of devices supports IEEE 
Standard 1149.1-1990 boundary scan to facilitate testing of complex circuit-board assemblies. Scan access to 
the test circuitry is accomplished via the 4-wire test access port (TAP) interface. 


In the normal mode, these devices are 20-bit universal bus transceivers that combine D-type latches and D-type 
flip-flops to allow data flow in transparent, latched, or clocked modes. The test circuitry can be activated by the 
TAP to take snapshot samples of the data appearing at the device pins or to perform a self test on the 
boundary-test cells. Activating the TAP in the normal mode does not affect the functional operation of the 
SCOPE™ universal bus transceivers. 


Data flow in each direction is controlled by output-enable (OEAB and OEBA), latch-enable (LEAB and LEBA), 
clock-enable (CLKENAB and CLKENBA), and clock (CLKAB and CLKBA) inputs. For A-to-B data flow, the 
device operates in the transparent mode when LEAB is high. When LEAB is low, the A-bus data is latched while 
CLKENAB is high and/or CLKAB is held at a static low or high logic level. Otherwise, if LEAB is low and 
CLKENAB is low, A-bus data is stored on a low-to-high transition of CLKAB. When OEAB is low, the B outputs 
are active. When OEAB is high, the B outputs are in the high-impedance state. B-to-A data flow is similar to 
A-to-B data flow, but uses the OEBA, LEBA, CLKENBA, and CLKBA inputs. 


In the test mode, the normal operation of the SCOPE?" universal bus transceivers is inhibited, and the test 
circuitry is enabled to observe and control the I/O boundary of the device. When enabled, the test circuitry 
performs boundary-scan test operations according to the protocol described in IEEE Standard 1149.1-1990. 
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description (continued) 


Four dedicated test pins observe and control the operation of the test circuitry: test data input (TDI), test data 
output (TDO), test mode select (TMS), andtest clock (TCK). Additionally, the test circuitry performs other testing 
functions such as parallel-signature analysis (PSA) on data inputs and pseudo-random pattern generation 
(PRPG) from data outputs. All testing and scan operations are synchronized to the TAP interface. 


Improved scan efficiency is accomplished through the adoption of a one boundary-scan cell (BSC) per ИО ріп 
architecture. This architecture is implemented in such a way as to capture the most pertinent test data. A 
PSA/COUNT instruction also is includedto ease the testing of memories and other circuits where a binary count 
addressing scheme is useful. 


Active bus-hold circuitry holds unused or floating data inputs at a valid logic level. 


The B-port outputs of 'ABTH1825044A, which are designed to source or sink up to 12 mA, include 25-Q series 
resistors to reduce overshoot and undershoot. 


The SN54ABTH18504A and SN54ABTH182504A are characterized for operation over the full military 


temperature range of -55°C to 125°C. The SN74ABTH18504A and SN74ABTH182504A are characterized for 
operation from —40?C to 85°C. 


FUNCTION TABLET 
(normal mode, each register) 


INPUTS OUTPUT 
OEAB  LEAB CLKENAB CLKAB A B 
L 


Bot 
L 
H 


Bot 





t A-to-B data flowis shown. B-to-A data flowis similar but uses OEBA, 
LEBA, CLKENBA, and CLKBA. 

+ Output level before the indicated steady-state input conditions were 
established 
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functional block diagram 
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Pin numbers shown are for the PM package. 





35 TEXAS 
INSTRUMENTS 


5-42 - POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 


SN54ABTH18504A, SN54ABTH182504A, SN74ABTH18504A, SN74ABTH182504A 
SCAN TEST DEVICES WITH 
20-BIT UNIVERSAL BUS TRANSCEIVERS 


SCBS165C - AUGUST 1993 - REVISED JULY 1996 





Terminal Functions 


TERMINAL NAME DESCRIPTION 
A1-A20 Normal-function A-bus I/O ports. See function table for normal-mode logic. 
B1-B20 Normal-function B-bus I/O ports. See function table for normal-mode logic. 


















Normal-function clock enables. See function table for normal-mode logic 


Normal-function output enables. See function table for normal-mode logic. An internal pullup at each terminal 
forces the terminal to a high level if left unconnected. 









Test clock. One of four terminals required by IEEE Standard 1149.1-1990. Test operations of the device are 
synchronous to TCK. Data is captured on the rising edge of TCK and outputs change on the falling edge of TCK. 


Test data input. One of four terminals required by IEEE Standard 1149.1-1990. TDI is the serial input for shifting 
data through the instruction register or selected data register. An internal pullup forces TDI to a high level if left 
unconnected. 


Test data output. One of fourterminals required by IEEE Standard 1149.1-1990. TDO is the serial output for shifting 
data through the instruction register or selected data register. 


Test mode select. One of four terminals required by IEEE Standard 1149.1-1990. TMS directs the device through 
its TAP controller states. An internal pullup forces TMS to a high level if left unconnected. 


Supply voltage 
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test architecture 


TMS =H 


TMS = L 


Serial-test information is conveyed by means of a 4-wire test bus or TAP that conforms to IEEE Standard 
1149.1-1990. All test instructions, test data, and test control signals are passed along this serial-test bus. The 
TAP controller monitors two signals from the test bus, TCK and TMS. The TAP controller extracts the 
synchronization (TCK) and state control (TMS) signals from the test bus and generates the appropriate on-chip 
control signals for the test structures in the device. Figure 1 shows the TAP-controller state diagram. ` 


The TAP controller is fully synchronous to the TCK signal. Input data is captured on the rising edge of TCK and 
output data changes on the falling edge of TCK. This scheme ensures that data to be captured is valid for fully 
one-half of the TCK cycle. 


The functional block diagram shows the IEEE Standard 1149.1-1990 4-wire test bus and boundary-scan 
architecture and the relationship among the test bus, the TAP controller, and the test registers. As shown, the 
device contains an 8-bit instruction register and four test-data registers: a 48-bit boundary-scan register, a 3-bit 
boundary-control register, a 1-bit bypass register, and a 32-bit device-identification register. 


Test-Logic-Reset 








Run-Test/Idle 


Select-IR-Scan 


Select-DR-Scan 


Capture-DR n 


Pause-DR 


Update-DR 













TMS = L 


| Capture-IR | 
TMS = L 
TMS =H . 


Pause-IR 2 
Update-IR 







Figure 1. TAP-Controller State Diagram 
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state diagram description 


The TAP controller is a synchronous finite state machine that provides test control signals throughout the device. 
The state diagram shown in Figure 1 is in accordance with IEEE Standard 1149.1-1990. The TAP controller 
proceeds through its states based on the level of TMS at the rising edge of TCK. 


As shown, the TAP controller consists of 16 states. There are six stable states (indicated by a looping arrow in 
the state diagram) and ten unstable states. A stable state is a state the TAP controller can retain for consecutive 
TCK cycles. Any state that does not meet this criterion is an unstable state. 


There are two main paths through the state diagram: one to access and control the selected data register and 
one to access and control the instruction register. Only one register can be accessed at a time. 


Test-Logic-Reset 


The device powers up in the Test-Logic-Reset state. In the stable Test-Logic-Reset state, the test logic is reset 
and is disabled so that the normal logic function of the device is performed. The instruction register is reset to 
an opcode that selects the optional IDCODE instruction, if supported, or the BYPASS instruction. Certain data 
registers also can be reset to their power-up values. 


The state machine is constructed such that the TAP controller returns to the Test-Logic-Reset state in no more 
than five TCK cycles if TMS is left high. TMS has an internal pullup resistor that forces it high if left unconnected 
or if a board defect causes it to be open circuited. 


For the 'ABTH18504A апа ’АВТН182504А, the instruction register is reset to the binary value 10000001, which 
selects the IDCODE instruction. Bits 47—46 in the boundary-scan register are reset to logic 1, ensuring that 
these cells, which control A-port and B-port outputs, are set to benign values (i.e., if test mode were invoked 
the outputs would be at high-impedance state). Reset values of other bits in the boundary-scan register should 
be considered indeterminate. The boundary-control register is reset to the binary value 010, which selects the 
PSA test operation. 


Run-Test/ldle 


The TAP controller must pass through the Run-Test/Idle state (from Test-Logic-Reset) before executing any test 
operations. The Run-Test/ldle state also can be entered following data-register or instruction-register scans. 
Run-Test/Idle is a stable state in which the test logic can be actively running a test or can be idle. The test 
operations selected by the boundary-control register are performed while the TAP controller is in the 
Run-Test/ldle state. 


Select-DR-Scan, Select-IR-Scan 


No specific function is performed in the Select-DR-Scan and Select-IR-Scan states, and the TAP controller exits 
either of these states on the next TCK cycle. These states allow the selection of either data-register scan or 
instruction-register scan. 


Capture-DR 


When a data-register scan is selected, the TAP controller must pass through the Capture-DR state. In the 
Capture-DR state, the selected data register can capture a data value as specified by the current instruction. 
Such capture operations occur on the rising edge of TCK, upon which the TAP controller exits the 
Capture-DR state. 


Shift-DR 


Upon entry to the Shift-DR state, the data register is placed in the scan path between TDI and TDO, and on the 
first falling edge of TCK, TDO goes from the high-impedance state to an active state. TDO enables to the logic 
level present in the least-significant bit of the selected data register. 
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Shift-DR (continued) 


While in the stable Shift-DR state, data is serially shifted through the selected data register on each TCK cycle. 
The first shift occurs on the first rising edge of TCK after entry to the Shift-DR state (1.е., no shifting occurs during 
the TCK cycle in which the TAP controller changes from Capture-DR to Shift-DR or from Exit2-DR to Shift-DR). 
The last shift occurs on the rising edge of TCK, upon which the TAP controller exits the Shift-DR state. 


Exit1-DR, Exit2-DR 


The Exit1-DR and Exit2-DR states are temporary states that end a data-register scan. It is possible to return 
to the Shift-DR state from either Exit1-DR or Exit2-DR without recapturing the data register. On the first falling 
edge of ТСК after entry to Exit1-DR, ТОО goes from the active state to the high-impedance state. 


Pause-DR 


No specific function is performed in the stable Pause-DR state, in which the TAP controller can remain 
indefinitely. The Pause-DR state can suspend and resume data-register scan operations without loss of data. 


Update-DR 


If the current instruction calls for the selected data register to be updated with current data, such update occurs 
on the falling edge of TCK, following entry to the Update-DR state. 


Capture-IR 


When an instruction-register scan is selected, the TAP controller must pass through the Capture-IR state. In 
the Capture-IR state, the instruction register captures its current status value. This capture operation occurs 
on the rising edge of TCK, upon which the TAP controller exits the Capture-IR state. For the 'ABTH18504A and 
"АВТН18250ДА, the status value loaded in the Capture-IR state is the fixed binary value 10000001. 


Shift-IR 


Upon entry to the Shift-IR state, the instruction register is placed in the scan path between TDI and TDO, and 
on the first falling edge of TCK, TDO goes from the high-impedance state to an active state. TDO enables to 
the logic level present in the least-significant bit of the instruction register. | 


While in the stable Shift-IR state, instruction data is serially shifted through the instruction register on each TCK 

cycle. The first shift occurs on the first rising edge of TCK after entry to the Shift-IR state (i.e., no shifting occurs 
during the TCK cycle, in which the TAP controller changes from Capture-IR to Shift-IR or from Exit2-IR to 
Shift-IR). The last shift occurs on the rising edge of TCK, upon which the TAP controller exits the Shift-IR state. 


Exit1-IR, Exit2-IR | 
The Exiti-IR and Exit2-IR states are temporary states that end an instruction-register scan. It is possible to 


return to the Shift-IR state from either Exit1-IR or Exit2-IR without recapturing the instruction register. On the 
first falling edge of TCK after entry to Exit1-IR, TDO goes from the active state to the high-impedance state. 


Pause-IR 


No specific function is performed in the stable Pause-IR state, in which the TAP controller can remain 
indefinitely. The Pause-IR state can suspend and resume instruction-register scan operations without loss 
` of data. | 2 


Update-IR 


The current instruction is updated and.takes effect on the falling edge of TCK, following entry to the 


Update-IR state. 
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register overview 


With the exception of the bypass and device-identification registers, any test register can be thought of as a 
serial shift register with a shadow latch on each bit. The bypass and device-identification registers differ in that 
they contain only a shift register. During the appropriate capture state (Capture-IR for instruction register, 
Capture-DR for data registers), the shift register can be parallel loaded from a source specified by the current 
instruction. During the appropriate shift state (Shift-IR or Shift-DR), the contents of the shift register are shifted 
out from TDO while new contents are shifted in at TDI. During the appropriate update state (Update-IR or 
Update-DR), the shadow latches are updated from the shift register. 


instruction register description 


TDI 


The instruction register (IR) is eight bits long and tells the device what instruction is to be executed. Information 
contained in the instruction includes the mode of operation (either normal mode, in which the device performs 
its normal logic function, or test mode, in which the normal logic function is inhibited or altered), the test operation 
to be performed, which of the four data registers is to be selected for inclusion in the scan path during 
data-register scans, and the source of data to be captured into the selected data register during Capture-DR. 


Table З lists the instructions supported by the 'ABTH18504A and 'ABTH182504A. The even-parity feature 
specified for SCOPE™ devices is supported in these devices. Bit 7 of the instruction opcode is the parity bit. 
Any instructions that are defined for SCOPE?" devices but аге not supported by these devices default to 
BYPASS. 


During Capture-IR, the IR captures the binary value 10000001. As an instruction is shifted in, this value is shifted 
out via TDO and can be inspected as verification that the IR is in the scan path. During Update-IR, the value 
that has been shifted into the IR is loaded into shadow latches. At this time, the current instruction is updated 
and any specified mode change takes effect. At power up or in the Test-Logic-Reset state, the IR is reset to the 
binary value 10000001, which selects the IDCODE instruction. The IR order of scan is shown in Figure 2. 





Figure 2. Instruction Register Order of Scan 
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data register description 


boundary-scan register 


The boundary-scan register (BSR) is 48 bits long. It contains one boundary-scan cell (BSC) for each 
normal-function input pin and one BSC for each normal-function І/О pin (one single cell for both input data and 
output data). The BSR is used 1) to store test data that is to be applied externally to the device output pins, 
and/or 2) to capture data that appears internally at the outputs of the normal on-chip logic and/or externally at 
the device input pins. 


The source of data to be captured into the BSR during Capture-DR is determined by the current instruction. The 
contents of the BSR can change during Run-Test/Idle as determined by the current instruction. At power up or 
in Test-Logic-Reset, BSCs 47-46 are reset to logic 1, ensuring that these cells, which control A-port and B-port 
outputs, are set to benign values (i.e., iftest mode were invoked, the outputs would be at high-impedance state). 
Reset values of other BSCs should be considered indeterminate. 


The BSR order of scan is from TDI through bits 47-0 to TDO. Table 1 shows the BSR bits and their associated 
device pin signals. 


BSR BIT 
NUMBER 


Table 1. Boundary-Scan Register Configuration 


DEVICE BSR BIT DEVICE 
SIGNAL NUMBER SIGNAL 


DEVICE 
SIGNAL 


BSR BIT 
NUMBER 
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boundary-control register 


The boundary-control register (BCR) is three bits long. The BCR is used in the context of the boundary-run 
(RUNT) instruction to implement additional test operations not included in the basic SCOPE™ instruction set. 
Such operations include PRPG, PSA, and binary count up (COUNT). Table 4 shows the test operations that 
are decoded by the BCR. 


During Capture-DR, the contents of the BCR are not changed. At power up or in Test-Logic-Reset, the BCR is 
reset to the binary value 010, which selects the PSA test operation. The BCR order of scan is shown in Figure 3. 


TDO 





Figure 3. Boundary-Control Register Order of Scan 


bypass register 


The bypass register is a 1-bit scan path that can be selected to shorten the length of the system scan path, 
reducing the number of bits per test pattern that must be applied to complete a test operation. During 
Capture-DR, the bypass register captures a logic 0. The bypass register order of scan is shown in Figure 4. 


Figure 4. Bypass Register Order of Scan 
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device-identification register 


The device-identification register (IDR) is 32 bits long. И can be selected and read to identify the manufacturer, 
part number, and version of this device. 


For the 'ABTH18504A , the binary value 00000000000000101000000000101111 (0002802F, hex) is captured 
(during Capture-DR state) in the IDR to identify this device as Texas Instruments SN54/74ABTH18504A. 


For the ’ABTH182504A , the binary value 00000000000000101100000000101111 (0002C02F, hex) is captured 
(during Capture-DR state) in the IDR to identify this device as Texas Instruments SN54/74ABTH182504A. 


The IDR order of scan is from TDI through bits 31-0 to TDO. Table 2 shows the IDR bits and their significance. 


Table 2. Device-Identification Register Configuration 


IDR BIT IDENTIFICATION IDR BIT IDENTIFICATION IDR BIT IDENTIFICATION 
NUMBER SIGNIFICANCE NUMBER SIGNIFICANCE NUMBER SIGNIFICANCE 














эт _| зов — | 2 | PARTNUMBERIs | м | MANUFACTURERTOT | 
Го | ую — | м | PARTNUMBERI | №0 | WANUFAGTUREROST | 
[= | version’ — | 25 | РАНТМОМВЕВНЗ | © | MANUFACTUREROGT_| 
[= | менвою | м | PARTNUMBERI2 | 8 | MANUFACTUREROTT | 
р = [в | anuman | 7 | MANUFACTURERGEF | 
ГГ = 22 __|__вантиомвето | 6 | WANUFACTUREROST_| 
Е = 1 Рангмомвено | 5 | мАМОРАСТОНЕВОФ | 


Е > | Panon — 4 | мАМОРАСТОНЕВОЗ | 
Е = | [| мени [| 3 | aNUFACTUREROZT_| 
ЕЕ = | вдятмомвеноо | 2 | MANUFACTUREROTI | 
Е = [я | еаятмомвеноо | + | MANUFACTUREROOT_| 
Е = [| ми | o | пост | 
| s | mms | — [L — Jj 
Е мм | 
| [юше ы [ср — | 
Pf емес | — L — | 


T Note that for TI products, bits 11-0 of the device-identification register always contain the binary value 000000101111 
(02F, hex). 








35 TEXAS 
INSTRUMENTS 


5-50 POST OFFICE BOX 655303 € DALLAS, TEXAS 75265 


SN54ABTH18504A, SN54ABTH182504A, SN74ABTH18504A, SN74ABTH182504A 
SCAN TEST DEVICES WITH 
20-BIT UNIVERSAL BUS TRANSCEIVERS 


SCBS165C – AUGUST 1993 - REVISED JULY 1996 


instruction-register opcode description 


The instruction-register opcodes are shown in Table 3. The following descriptions detail the operation of 
each instruction. 


Table 3. Instruction-Register Opcodes 


BINARY СООЕТ 
BIT 7 ВТО SCOPE OPCODE DESCRIPTION ЗЕРВОТЕР 
DATA REGISTER 
MSB — LSB 






[ ‘ооо — | SAMPLEPRELOAD | Sample boundary | Boundary scan | Normal 
шопо | ве" — | — — — Bvpasssoan ________| Bypass | Normal — 
[anothers [в Аз | _______Буразкам — | wes Normal | 


t Bit 7 is used to maintain even parity in the 8-bit instruction. 
+ The BYPASS instruction is executed in lieu of a SCOPE™ instruction that is not supported in the 'ABTH18504A or 'ABTH182504A. 













boundary scan 


This instruction conforms to the IEEE Standard 1149.1-1990 EXTEST instruction. The BSR is selected in the 
scan path. Data appearing at the device input and I/O pins is captured in the associated BSCs. Data that has 
been scanned into the I/O BSCs for pins іп the output mode is applied to the device I/O pins. Data present at 
the device pins, except for output-enables, is passed through the BSCs to the normal on-chip logic. For I/O pins, 
the operation of a pin as input or output is determined by the contents of the output-enable BSCs (bits 47-46 
of the BSR). When a given output enable is active (logic 0), the associated I/O pins operate in the output mode. 
Otherwise, the I/O pins operate in the input mode. The device operates in the test mode. 


identification read 


This instruction conforms to the IEEE Standard 1149.1-1990 IDCODE instruction. The IDR is selected in the 
scan path. The device operates in the normal mode. | 


sample boundary 


This instruction conforms to the IEEE Standard 1149.1-1990 SAMPLE/PRELOAD instruction. The BSR is 
selected in the scan path. Data appearing at the device input pins and I/O pins in the input mode is captured 
in the associated BSCs, while data appearing at the outputs of the normal on-chip logic is captured in the BSCs 
associated with I/O pins in the output mode. The device operates in the normal mode. 
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bypass scan 


This instruction conforms to the IEEE Standard 1149.1-1990 BYPASS instruction. The bypass register is 
selected in the scan path. A logic 0 value is captured in the bypass register during Capture-DR. The device 
operates in the normal mode. 


control boundary to high impedance 


This instruction conforms to the IEEE Standard 1149.1a-1993 HIGHZ instruction. The bypass register is 
selected in the scan path. A logic 0 value is captured in the bypass register during Capture-DR. The device 
operates in a modified test mode in which all device I/O pins are placed in the high-impedance state, the device 
input pins remain operational, and the normal on-chip logic function is performed. 


control boundary to 1/0 


This instruction conforms to the IEEE Standard 1149.1a-1993 CLAMP instruction. The bypass register is 
selected in the scan path. A logic 0 value is captured in the bypass register during Capture-DR. Data in the I/O 
BSCs for pins in the output mode is applied to the device I/O pins. The device operates in the test mode. 


boundary-run test 


The bypass register is selected in the scan path. A logic 0 value is captured in the bypass register during 
Capture-DR. The device operates in the test mode. The test operation specified in the BCR is executed during 
Run-Test/Idle. The five test operations decoded by the BCR are: sample inputs/toggle outputs (TOPSIP), 
PRPG, PSA, simultaneous PSA and PRPG (PSA/PRPG), and simultaneous PSA and binary count up 
(PSA/COUNT). 


boundary read 


The BSR is selected in the scan path. The value in the BSR remains unchanged during Capture-DR. This 
instruction is useful for inspecting data after a PSA operation. 


boundary self test 


The BSR is selected in the scan path. All BSCs capture the inverse of their current values during Capture-DR. 
In this way, the contents of the shadow latches can be read out to verify the integrity of both shift-register and 
shadow-latch elements of the BSR. The device operates in the normal mode. 


boundary toggle outputs 


The bypass register is selected in the scan path. A logic 0 value is captured in the bypass register during 
Capture-DR. Data in the shift-register elements of the selected output-mode BSCs is toggled on each rising 
edge of ТСК in Run-Test/idle, updated in the shadow latches, and applied to the associated device ИО pins on 
each falling edge of TCK in Run-Test/Idle. Data in the input-mode BSCs remains constant. Data appearing at 
the device input or I/O pins is not captured in the input-mode BSCs. The device operates in the test mode. 


boundary-control-register scan 


The BCR is selected in the scan path. The value in the BCR remains unchanged during Capture-DR. This 
operation must be performed before a RUNT operation to specify which test operation is to be executed. 





% т 
INSTRUMENTS 


5-52 POST OFFICE BOX 655303 € DALLAS, TEXAS 75265 


SN54ABTH18504A, SN54ABTH182504A, SN74ABTH18504A, SN74ABTH182504A 
SCAN TEST DEVICES WITH 
20-BIT UNIVERSAL BUS TRANSCEIVERS 


SCBS165C - AUGUST 1993 - REVISED JULY 1996 





boundary-control register opcode description 


The BCR opcodes are decoded from BCR bits 2-0 as shown іп Table 4. The selected test operation is performed 
while the RUNT instruction is executed in the Run-Test/ldle state. The following descriptions detail the operation 
of each BCR instruction and illustrate the associated PSA and PRPG algorithms. 


Table 4. Boundary-Contro! Register Opcodes 


BINARY CODE 
BIT 2 > ВТО DESCRIPTION 
MSB > LSB 
Sample inputs/toggle outputs (TOPSIP) 


Pseudo-random pattern generation/40-bit mode (PRPG) 
Parallel-signature analysis /40-bit mode (PSA) 











Simultaneous PSA and PRPG/20-bit mode (PSA/PRPG) 


Simultaneous PSA and binary count up/20-bit mode (PSA/COUNT) 





While the control input BSCs (bits 47-36) are not included in the toggle, PSA, PRPG, or COUNT algorithms, 
the output-enable BSCs (bits 47-46 of the BSR) control the drive state (active or high impedance) of the selected 
device output pins. These BCR instructions are valid only when the device is operating in one direction of data 
flow (that is, OEAB = ОЕВА). Otherwise, the bypass instruction is operated. 


sample inputs/toggle outputs (TOPSIP) 


Data appearing at the selected device input-mode /О pins is captured in the shift-register elements of the 
associated BSCs on each rising edge of TCK. Data in the shift-register elements of the selected output-mode 
BSCs is toggled on each rising edge of TCK, updated in the shadow latches, and applied to the associated 
device I/O pins on each falling edge of ТСК. 
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pseudo-random pattern generatlon (PRPG) 


A pseudo-random pattern is generated in the shift-register elements of the selected BSCs on each rising edge 
of ТСК, updated іп the shadow latches, and applied to the associated device output-mode I/O pins on each 
falling edge of TCK. Figures 5 and 6 show the 40-bit linear-feedback shift-register algorithms through which the 
patterns are generated. An initial seed value should be scanned into the BSR before performing this operation. 
A seed value of all zeroes does not produce additional patterns. 


A20-/O А19-/0  A18-/O  A17-/O А16-/0  A15-/O A140  A13-/O  A12J/O А11-/0 


А10-/0  A9J/O | А8МО ATO AGO  A5-/O  A4lO  AS/O А2-/О А-О 


AUU UAFU FUTE 
озу эх 


B20-/O В19-/0  B18-UO _ B17-/O В816-/0  B15-/O  B14-/O  B13-/O  B12-/O  B11t-/O _ 


C = J> B10-/O В9-/О B8-I/O В7-/О В6-/О В5-/О B40 Вз-/0 В2-/О В1-/О 
Figure 5. 40-Bit PRPG Configuration (OEAB = 0, OEBA = 1) | 
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B20-/O  B19-/O В18-/0  B17-/O 816-/0  B15-/O 814/0  B13-/O В12-/0 В11-/О 


B10-/O  B9-/O| веуо 870  B6-/O  B5-/O B40  B3-/O B20  Bt.-l/O 


JU 









© J > AiO-/O  A9S-/O А8ШО _ А7-ИО AGIO  А5/О0 A4AO АЗ-/О А250 А1-/О 


Figure 6. 40-Bit PRPG Configuration (OEAB = 1, OEBA = 0) 
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parallel-signature analysis (PSA) 


Data appearing at the selected device input-mode I/O pins is compressed into a 40-bit parallel signature in the 
shift-register elements of the selected BSCs on each rising edge of TCK. Data in the shadow latches of the 
selected output-mode BSCs remains constant and is applied to the associated device I/O pins. Figures 7 and 8 
show the 40-bit linear-feedback shift-register algorithms through which the signature is generated. An initial 
seed value should be scanned into the BSR before performing this operation. 


А20-/0 А19-/0 А18-/0 А17-/0 А16-/0 А15-/О А14-/И/О А13-/О А12-/0 А11-/О 


Sa Se p ga d p 
LI LI UPLP LI LI LI LI 







A8-l/O АТ7-ІО A6-/0 ASO А4ПШО АЗ-/О А2-/О А1-О 


Y + Y X 





B10-/O ВІО B&O В7-/О  B6-/O 850  B4lO  B3-/O В2/0  Bt-l/O 





Figure 7. 40-Bit PSA Configuration (OEAB = 0, OEBA = 1) 
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B20-/O  B19-/O  B18-/O  B17-/O  B16-/O  B15-/O  B14-/O  B13-/O  B12-/O В11-/О 


5-8-5-EI-5-5-8-B-5-8 
очен 


В9-/О В8/0 . B7-//O В6-/О  B5-/O  B4lO  B3-/O  B2-/O В1-/О 








В10-/О 





А10-/0 А9-/0 | А8-/О _ AT-/O А6ШО AS-VO А4ШО АЗШО — A2-O — At-l/O 





Figure 8. 40-Bit PSA Configuration (ОЕАВ = 1, ОЕВА = 0) 
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simultaneous PSA and PRPG (PSA/PRPG) 


Data appearing at the selected device input-mode I/O pins is compressed into a 20-bit parallel signature in the 
shift-register elements of the selected input-mode BSCs on each rising edge of TCK. At the same time, a 20-bit 
pseudo-random pattern is generated in the shift-register elements of the selected output-mode BSCs on each 
rising edge of TCK, updated in the shadow latches, and applied to the associated device I/O pins on each falling 
edge of TCK. Figures 9 and 10 show the 20-bit linear-feedback shift-register algorithms through which the 
signature and patterns are generated. An initial seed value should be scanned into the BSR before performing 
this operation. A seed value of all zeroes does not produce additional patterns. 


A20-/O А19-/0 А18-/О А17-/0  A16-I/O А15-/0 А14-/0 А13-/0 А12-/0 А11-/О 





B10-/O ВӘ-/О B8-l/O —XB7-/O | B6é-/O 850  B4l/O  B3-/O  B2-/O В1-/0 


Figure 9. 20-Bit PSA/PRPG Configuration (OEAB = 0, OEBA = 1) 
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B20-/O  B19-/O  B18-/O  B17-/O  B16-/O  B15-/O  B14-/O  B13-/O  B12-/O В11-/0 


























B10-/O  B9-/O B&O BIO  B6-/O  B5-/O  B4-/O ВЗ-/О 





A10-/O  A9-/O _ A&lO А7/О AGO А5ШО  A4lO A3-0  A2J/O  At-l/O 
Figure 10. 20-Bit PSA/PRPG Configuration (OEAB = 1, OEBA = 0) 
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simultaneous PSA and binary count up (PSA/COUNT) 


Data appearing at the selected device input-mode l/O pins is compressed into a 20-bit parallel signature in the 
shift-register elements of the selected input-mode BSCs on each rising edge of TCK. At the same time, a 20-bit 
binary count-up pattern is generated in the shift-register elements of the selected output-mode BSCs on each 
rising edge of TCK, updated in the shadow latches, and applied to the associated device I/O pins on each falling 
edge of TCK. Figures 11 and 12 show the 20-bit linear-feedback shift-register algorithms through which the 
signature is generated. An initial seed value should be scanned into the BSR before performing this operation. 


A20-/O А19-/0 А18-/0 А17-/0 А16-/0 А15-/0 А14-/0О А13-/0 А12-/0 А11-/О 


А10-/0 А9-/0 А8-/О АТПШО AGO ASO  A4lO  AS9-/O  A2-/O At-1/0 





ааа а Н 


В20-/0  B19-/O  B18-/O  B17-/O  B16-/O  B15-/O Bi4-/0 ВБІЗІ/О  B12-/O  B11-/O - 


30 0000000006 


в10/0 — B9-/O БВ8/О B7-/O 860  B5-/O В4/0  B3-/O  B2-/O  В1-/0 


Figure 11. 20-Bit PSA/COUNT Configuration (OEAB = 0, OEBA = 1) 
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B20-/O  B19-/O  B18-/O  B17-/O  B16-/O  B15-/O  B14-/O  B13-/O  B12-/O В11-/О 


B10-/O ВІО  B8-/O 9 870  B6-/O  B5-/O В4-/0 





jnggungung 


А20-/0 А19-/0 А18-И/О А17-/0 А16-/О А15-/0 A14-I/O А13-/0 А12-/0 А11-/О 


850 0000000006 


Ai0-/O  A9-/O A8-I/O А7-/О  A6-/O А5ИО  A4lO  А3МО А2/0 A1-1/0 
Figure 12. 20-Bit PSA/COUNT Configuration (OEAB = 1, OEBA = 0) 
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timing description 


All test operations of the 'ABTH18504A and 'ABTH1825044A are synchronous to the ТСК signal. Data on the 
TDI, TMS, and normal-function inputs is captured on the rising edge of ТСК. Data appears on the ТОО and 
normal-function output pins on the falling edge of TCK. The TAP controller is advanced through its states (as 
shown in Figure 1) by changing the value of TMS on the falling edge of TCK and then applying a rising edge 
to TCK. 


A simple timing example is shown in Figure 13. In this example, the TAP controller begins in the 
Test-Logic-Reset state and is advanced through its states, to perform one instruction-register scan and one 
data-register scan. While in the Shift-IR and Shift-DR states, TD! is used to input serial data, and TDO is used 
to output serial data. The TAP controller is then returned to the Test-Logic-Reset state. Table 5 details the 


operation of the test circuitry during each TCK cycle. 
Table 5. Explanation of Timing Example 


TCK TAP STATE 
CYCLE(S) | AFTER ТСК DESCRIPTION 
5 -| TMS is changed to a logic 0 value on the falling edge of TCK to begin advancing the TAP controller toward 
Test-Logic-Reset | ihe desired state. | | 


[2 [nama | —— LC 


Suede | 2. 


The IR captures the 8-bit binary value 10000001 on the rising edge of TCK as the TAP controller exits the 
Capture-IR state. | 


TDO becomes active and ТО! is made valid on the falling edge of TCK. The first bit is shifted into the TAP 
on the rising edge of TCK as the TAP controller advances to the next state. 
















Capture-IR 









Shift-IR 















One bit is shifted into the IR on each TCK rising edge. With TDI held at a logic 1 value, the 8-bit binary value 
11111111 is serially scanned into the IR. Atthe same те the 8-bit binary value 10000001 is serially scanned 
out of the IR ма TDO. In TCK cycle 13, TMS is changed to a logic 1 value to end the IR scan on the next 
ТСК cycle. The last bit of the instruction is shifted as the TAP controller advances from Shift-IR to Exit1-IR. 


Exit1-IR TDO becomes inactive (goes to the high-impedance state) on the falling edge of TCK. 


Update-IR The IR is updated with the new instruction (BYPASS) on the falling edge of TCK. 


777 TUR ат 


Сарше-0в The bypass register captures a logic 0 value on the rising edge of TCK as the TAP controller exits the 
Р Capture-DR state. 


TDO becomes active and TDI is made valid on the falling edge of TCK. The first bit is shifted into the TAP 
on the rising edge of TCK as the TAP controller advances to the next state. 


The binary value 101 is shifted in via TDI, while the binary value 010 is shifted out via TDO. 
21 Exit1-DR TDO becomes inactive (goes to the high-impedance state) on the falling edge of TCK. 





7-13 Shift-IR 
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ЕЯ 3-State (ТОО) or Don't Care (TDI) 
Figure 13. Timing Example 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 


Supply voltage. range, VEG: sued dena ико dE he Ep edo ra RA ҰШУ —0.5 Vto 7 V 
Input voltage range, Vi: except I/O ports (see Note 1) .................................. —0.5 Vto 7 V 
VO ports. (see Note T). ТЕТЕ АГ —0.5 V to 5.5 V 

Voltage range applied to any output іп the high state or power-off state, Мо .............. -0.5 V to 5.5 V 
Current into any output in the low state, lo: $№54АВТН18504А ................................ 96 mA 
SN54ABTH182504A (A port or TDO) ................. 96 mA 

SN54ABTH182504A (B port) ........................ 30 mA 

SN74ABTH18504A ............................... 128 mA 

SN74ABTH182504A (A portor TDO) ................ 128 mA 

SN74ABTH1825044A (B port) ........................ 30 mA 

Inpùtclamp current, hk (V <0 ovs oie noe see ER ERO OPE eee и аа —18 mA 
Output clamp current, lox (Vo <0)................ m EN таун љети ERA жен -50 mA 
Continuous current through Veo: «xem ааа Ey nh Rhe ORA Ағ қат Ro wale’ 576 mA 
Continuous current through GND ........................................................ 1152 mA 
Maximum power dissipation at TA = 55°C (in still air) (see Моје 2):PM package .................... 1W 
Storage temperature range, Ту ...................... ане —65*C to 150°C 


T Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1. The input and output negative-voltage ratings can be exceeded if the input and output clamp-current ratings are observed. 


2. The maximum package power dissipation is calculated using a junction temperature of 150°C and a board trace length of 75 mils. 
For more information, refer to the Package Thermal Considerations application note inthe ABT Advanced BiCMOS Technology Data 
Book, literature number 5СВ0002. 
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recommended operating conditions 











[wg Hgweempuvdag — — —  — ОЕ ПЕ — | 
[Уш Поморие оа ов 
Lo, шінімен 12242. 

уљу прането 9Геу| 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 

















ТА = 25°С SN54ABTH16504A | SN74ABTH18504A 
PARAMETER TEST CONDITIONS UNIT 
шы те мах | мы ма мно Max] 
|Vk V5 =m | o мају | 
Voc-45V, lou--3mA | 25 | 25 | 25 | 
оо ш = о == == 
юн=-4т | 2 
усс=ву | усс=ву | sv ОН 
lous-33m| 2 — — | C | 2 | 
ағам L чыр SV 
Voo=48v | “45 Voo=48v | BE 
loL = 64 mA м 
CLK, СІКЕМ, Voc = 0 to 5.5 V, 
LE, TCK = Voc or GND ia 
A or B ports та = 5.5 V, М = Voc or GND —— 


OE TD, TMS |Усс-55М М-Усо | of r 
Пе [oe ToL Tus [veg sev, ono па — o| — =] — sj 


Го nomen aoaaa, Beste | лиси — F = J, 

-75 -180 -500 ---- 
ЕСЕН eee off | 
Қалсын ИЕШЕ ШУ ЫЕ: ИЕШЕ ЕЗ 
DICEN с i P s= Г: 


| ок — ^ |Vec-OVieVos4sV — | oof в | 
Igex | Outputs high |Vcc-55V, Vo=55V | 
S — |Ууоо-585,, Уо-25У | -50 -10 -200| ^ -50 _ -200| -0 ^ -200| mA | 
| ш 22| 22|  — 22 

Ker Beas BENE с ыш S z] 
Outputs 


Alec! Vcc = 5.5 V, One input at 3.4 V, 5 
Other inputs at Усс or GND 
ее s; [cepe — 


Сю — [AorBpots |Vo-25Vor05V SERERE SEEN Банкке ИИНЕНИН U^ m 
Vo =2.6 V or 0.5 V A 


* On products compliant to MIL-PRF-38535, this parameter does not apply. 

T Ali typical values are at Усс = 5 V. 

t The parameter | (пою) includes the off-state output leakage current. 

§ Not more than one output should be tested at a time, and the duration of the test should not exceed one second. 

{ This is the increase in supply current for each input that is at the specified TTL voltage level rather than Voc or GND. 


lc Outputs low 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (normal mode) (see Figure 14) 


SN54ABTH18504A 


fclock _ Clock frequency | CLKAB or CLKBA о 100| 
| CLKAB or CLKBA high ог low 45 | 
tw Pulse duration - e 
LEAB or LEBA CLK high or low 3.5 
A before CLKABT or B before CLKBAT БЫ 


| н ы ры К (қта | | 354 | 
| а 
su р efore or B before CLK low 


A аћег CLKABT or B after CLKBAT 
Hold time A after LEAB} or B after LEBA} 
CLKEN after CLKT |І о | 





timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (test mode) (see Figure 14) 












мн MAX| мн MAX 
igo. бюктешету [TOK — — — — — ООС s| СС ОС 
iw Pulse duration [TcKmgnorw — — [| s Cd | 
[AB CLK,LE,orOEbetoreTOKT | 6 
tu беште C 
re 
th Holdtime зше —— ia 
вает | [в 
Е _[PoweruptoTox) — — И И ИЗИ 
ү верно — jVooewer СИ Eos] 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (normal mode) (see Figure 14) 


TO Усс 75V, SN54ABTH18504A | SN74ABTH18504A 
PARAMETER (OUTPUT) ЈА 
MIN TYP МАХ | MN — МАХ | 
CLKAB or 


N 
00 
i TE ЕТ ЭНИШ} E 
(PHL s ae s| 5 ер 18 55] 
6 А А 


ig ar в ва 
PLH CLKAB or Bark E 
TP CLKBA 15 38 5. 
s 3 55] 15 
PLH LEAB or LEBA Bor A 
tPHL 1.5 3.6 5.5 
= с 1548 а 
PzH OEAB or OEBA BorA 
tPZL 15 48 
3 


= T1 84 
РНА ОЕАВ ог ОЕВА BorA 
| 2 5 63 


switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (test mode) (see Figure 14) | 






FROM 
(INPUT) 























Voc =5V, 
FROM то овес SN54ABTH18504A | SN74ABTH18504A 
PARAMETER (INPUT) (OUTPUT) A UNIT 
МЫ ТҮР МАХ] мн WAX| мно МАХ. 
[ы | ск Г | 80 |) 80 — f Mz 
25 74 t 25 145 25 134 
PLH теку AorB 
tPHL 25 76 10.8 2.5 14 25 124 






238 5: 
өні, |o: : wu 0 990. САН — 2 Т 
| zH | B 4 8 11.5 4 7 14.5 4 13.4 


t 
PzH ток} Aor 4 
ірді, 4 8 118 4 136 
2 39 571 $$ 75| 2 66] 
Е28 теку TDO ES 
tPZL 2 42 62|] G2 ^ 8| 2 69 
t 4 108 13) @ 4 18] 4 _ 15 
РНЕ TCKL AorB A 
3 91 133 3 _ 175|] __ 3 _ 15 
t 3 53 68) 3 8| 3  72| 
PHZ TCKL TDO 
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recommended operating conditions 












VIH High-level input voltage | 
VL U Low-levelinput voltage | sj v| 
VI Input voltage 0 2“ Усс 0 Vcc| v 






A port, TDO 
Юн High-level output current Е 5 mA 
В por [ S -| o E| 
A port, TDO 
IOL Low-level output current mA 
Bon [> —*| 
AUAV Input transition rise or fall rate О АЮ) ns/V 
TA Operating free-air temperature -55 125 -40 85 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 


ТА = 25°С SN54ABTH182504A | SN74ABTH182504A 
PARAMETER TEST CONDITIONS UNIT 
ЕСЕЙЕ 


Ж [Vcc-45V у=-вта | _____-12] —— -2) ______ -2| V | 
Veo =4.5V, |он«-3тА Uu. [>= = ЕА 
Мос=5/  lgue-3m | 3 Z J 83 «— | 83 O| 
Aport, тро С on 
он =2im | 2222 | 2  —| Á | 
Voc = 4.5 V 
Поне | |) | 2-1, 
















7 
он EES ЕС: RENNES IE ЖЕСІ — 
acon су она [38 | se | os 
о 
р ТРЕТ [эъ [| з [э] 
МСС = 4.5 V 
он 26-І” j 


loL=48ma | oss| oss| | 
A port, TDO Voc = 4.5 V 
О батА | о |) 05 
Поы-8та| osf о) 06 
ЕН ЕН Voc = 4.5 У OL 
lo. = 12 mA Аим 


CLK, CLKEN, | Vcc = 0 to 5.5 V, 
ГЕ, ТСК Vi = Vcc or GND 
voc =5.5 V, {о 
Bore por’ | vi= Усс ог GND | =" 


Пн оета vors Ме | o p с war 
u [6E 0t MS |У60-55У, TE GND m m — 
usus Қау [uzosv | 75 æ so] НИ ПЕС 
Aeg а м-гу -75 -180 -500 me eme 
VC = =2.1V to 5.5 V, 
| Voc = 2.1 V to 5.5 V, 
OZL Vo = 0.5 V, OE =2 V 
Vcc = 0to 2.1 V, 
МО =2.7 Vor 0.5 V, 
OE = 0.8 V 


Vcc = 2.1 V to 0, 
lOZPD го = 2 у ог 0.5 V, +50 +50 | рА 
| он |ус-омоуовУу р] | 


сес [Ouputstigh [Voo=85V, vo-ssv | — — 5[ мы | 
PA nm шск E 








lozPU 



















Bm. жота отаву [ee асорат сюр oum эш 
Опра НО |voc- 55 ЕЕ 
Owuskw 1090, КТ ao 0] па 


ІС 
Се Ошршв VI = Усс or 
disabled GND 


* On products compliant to MIL-PRF-38535, this parameter does not apply. 

Т All typical values are at Vcc = 5 V. 

t The parameter (пога) includes the off-state output leakage current. 

$ Not more than one output should be tested at a time, and the duration of the test should not exceed one second. 
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electrical characteristics over recommended operating free-air temperature range (unless 


otherwise noted) (continued) 
SN54ABTH182504A | SN74ABTH182504A | т 







PARAMETER TEST CONDITIONS ~ 
MIN ТҮРІ MAX MIN МАХ 


Voce 5.5 V, б 
Alcct One input at 3.4 V, ғ 1.5 
Other inputs at Voc or GND ~ 
пъ | — ENDE 


Control inputs | Vj = 2.5 V or 0.5 V а) 
У0-25/ог05У олю ср e l 
Vo=2.5V or 05V a ee ee ee 


T All typical values are at Voc = 5 V. 
t This is the increase in supply current for each input that is at the specified TTL voltage level rather than Усс or GND. 





timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (normal mode) (see Figure 14) 


SNS4ABTH182504A | SN74ABTH182504A | |... 
íclock _ Clock frequency | CLKAB or CLKBA 0 100 о 100| MHz | 
— [SAB or CLKBA high or ow — a 
tw Pulse duration - vim 
LEAB or LEBA CLK high or low ^ | 35 | | 
A before CLKABT or B before CLKBAT | 85 8 | 835  / | 


| 
bu  Seuptme |8 perre LEBAL > 
атељеа T [+ 
aate — — [3s [5 

новите __[AaRerLEABLorBaterLEBAL ІСІГІ БЕК БЕРЕН | + | 
аана 35 5 





timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (test mode) (see Figure 14) 











мн MAX] мно мах 
[of o m 
Cw Pulse auaton ТОКО а у Cid 
A в, CLK LE, orOEbetoweToxT | — s 2 | Cd 
ВЕ | 
РО | — 34 TL 3 — | 
ГА, ВЕ ТСИ r L s | 
ШЕШ EE 
Га төзуі | PoweruptoTOKT — — — — — —| “s J s s 





N 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (normal mode) (see Figure 14) 


Vec=5V, 
FROM To Е SN54ABTH182504A | SN74ABTH182504A 
PARAMETER (INPUT) (OUTPUT) DA UNIT 
LOIRE HN uar rd 
CLKAB or 
CLKBA 


15 35 ва. 
5.6 


| 'pHL | 


[. BEI 32 




















rj 6.2 1.5 6.1 







t 5 39 54 5 
PLH CLKAB Е: 
15 42 58 15 2 64| 15 — 62 
БЕГИШ spem ПЕ 
PLH CLKBA A ae 
15 4 — ri 5| 2 8 
шн | ne 1.5 6.3 
1. ——— 41 56| 415 6.5 1.5 6.2 
Е — s 
БЕН LEBA 
Wisse ss] r ss 







— аташе) вод БЕ RIS о јр = 
[я oe [ 15 4s 58| 15 75 
Lo ват вар 3 | 9 — 98 

РН ОЕАВ ог ОЕВА BorA 

(PLZ DOR ЛА БЕЛЕ к ү = 


switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (test mode) (see Figure 14) 


FROM то SN54ABTH182504A | SN74ABTH182504A 
ТА = 25°C 
PARAMETER (INPUT) (OUTPUT) a= 
ТУР МАХ MIN — MAX| MIN МАХ | 


Съ идеи ре Га j MHz 

25 68 2.5 14.5 2.5 13.1 
пан 2512 
тыз ^^. 
— зы а“: э 
ae т ime = 
жє SS) ar 
аа 


ER 


t 
— — теку AorB 
СЕ ток} 
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PARAMETER MEASUREMENT INFORMATION 








Š 7V 
оо 
From Output Вей 'PLH/PHL 
Under Test GND tPLZ/tPZL 
t It 
CL =50 pF PHZ/tPZH 
(see Note A) 


LOAD CIRCUIT ss зу 
Timing Input 1.5V 
Мае ОУ 
M——— ty —— эе 5 
| | tsu th 


| | зу | | 
| | | Зу 
при 1.5 М 15V Data Input 1.5 V 15V 

оу ом 


VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS 
PULSE DURATION SETUP AND HOLD TIMES 
oy Output d 
P | | | ov Control | | 0v 
їр Эу  M— | 


| | 
{рін ЕР <— tPHL | | tpLz — k- 


| | И aun ue || 35У 
Output | 159 | БУ “St at 7 | REY | Бус+озу 
VoL S1at7V | ~OL* =" voL 
9 (see Note B) 


{РНЕ 3] “-- tPLH te mor 


| 
| 
{ран Әр Є | 
| | Мон Waveform 2 VoH -0.3 V VoH 
Output 1.5 V 1.5V $1 at Open 1.5V те 


Output | 
—-—- VOL (see Note B) 


VOLTAGE WAVEFORMS - VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES ENABLE AND DISABLE TIMES 
INVERTING AND NONINVERTING OUTPUTS LOW- AND HIGH-LEVEL ENABLING 


NOTES: A. Cy includes probe and jig capacitance. 
B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 
C. Allinput pulses are supplied by generators having the following characteristics: PRR < 10 MHz, Zo = 500, 1, 2 2.5 ns, {< 2.5 ns. 
D. The outputs are measured one at a time with one transition per measurement. 


Figure 14. Load Circuit and Voltage Waveforms 
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е Members of the Texas Instruments 
SCOPE™ Family of Testability Products 

@ Members of the Texas Instruments 
Widebus™ Family 

е Compatible With the IEEE Standard 
1149.1-1990 (JTAG) Test Access Port 
and Boundary-Scan Architecture 

€ include D-Type Flip-Flops and Control 
Circultry to Provide Multiplexed 
Transmission of Stored and Real-Time Data 
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18-BIT TRANSCEIVERS AND REGISTERS 
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€ One Boundary-Scan Cell Per /О 
Architecture Improves Scan Efficiency 


€ SCOPE™ Instruction Set 

— IEEE Standard 1149.1-1990 Required 
Instructions and Optional CLAMP and 
HIGHZ 

~ Parallel-Signature Analysis at Inputs 

- Pseudo-Random Pattern Generation 
From Outputs 

— Sample Inputs/Toggle Outputs 


- Binary Count From Outputs 
@ Bus Hold on Data Inputs Eliminates the — Device Identification 
Need for External Pullup Resistors — Even-Parity Opcodes 


€ В-Рогі Outputs of 'ABTH182646A Devices 
Have Equivalent 25-Q Series Resistors, So 
No External Resistors Are Required 


е State-of-the-Art EPIC-IIB ™ BICMOS Design 











€ Packaged in 64-Pin Plastic Thin Quad Flat 
(PM) Packages Using 0.5-mm 
Center-to-Center Spacings and 68-Pin 
Ceramic Quad Flat (HV) Packages Using 
25-mil Center-to-Center Spacings 


SN54ABTH18646A, SN54ABTH182646A ... HV PACKAGE 
(TOP VIEW) 
m < 

ах 62298 60285055588 

гг гг таг ) T r ]f ГІР ee | 

987654321 
ТАЗ LI во 184 
1A4 Ц 59 || 185 
145 || 58 || 186 
GND [| 57 | GND 
146 [| 56 | 187 
1A7 Ц 55 [| 188 
148 | БАП 189 
1A9 L| 531 Усс 
NC L 521] NC 
Voc | 51 | 2В1 
2A1 [| 501} 282 
2A2 [| 21 491} 283 
2АЗ [| 22 4811 284 
GND Ц 23 47 || GND 
2А4 [| 24 46|] 285 
245 || 25 45 | 286 
246 Ц 26 44 || 287 

27 28 29 30 31 32 33 34 37 38 39 40 41 42 43 

L IL JL JL JU JE L IL JL JL JL AU JUL лл) 

— @% o O lu! m m Z<Z= O O * < < OQ r ° @% 

СР 55288 

“е а Q 


NC – No internal connection 


SCOPE, Widebus, and EPIC-IIB are trademarks of Texas Instruments Incorporated. 
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SN74ABTH18646A, SN74ABTH182646A ... PM PACKAGE 





description 


The 'ABTH18646A and 'ABTH182646A scan test devices with 18-bit bus transceivers and registers are 
members of the Texas Instruments SCOPE ™ testability integrated-circuit family. This family of devices supports 
IEEE Standard 1149.1-1990 boundary scan to facilitate testing of complex circuit-board assemblies. Scan 
access to the test circuitry is accomplished via the 4-wire test access port (TAP) interface. 


In the normal mode, these devices are 18-bit bus transceivers and registers that allow for multiplexed 
transmission of data directly from the input bus or from the internal registers. They can be used either as two 
9-bit transceivers or one 18-bit transceiver. The test circuitry can be activated by the TAP to take snapshot 
samples of the data appearing at the device pins or to perform a self test on the boundary-test cells. Activating 
the TAP in the normal mode does not affect the functional operation of the SCOPE™ bus transceivers and 
registers. 


Transceiver function is controlled by output-enable (OE) and direction (DIR) inputs. When OE is low, the 
transceiver is active and operates in the A-to-B direction when DIR is high or in the B-to-A direction when DIR 
is low. When OE is high, both the A and B outputs are in the high-impedance state, effectively isolating both 
buses. 


Data flow is controlled by clock (CLKAB and CLKBA) and select (SAB and SBA) inputs. Data on the A bus is 
clocked into the associated registers on the low-to-high transition of CLKAB. When SAB is low, real-time A data 
is selected for presentation to the B bus (transparent mode). When SAB is high, stored A data is selected for 
presentation to the B bus (registered mode). The function of the CLKBA and SBA inputs mirrors that of CLKAB 
and SAB, respectively. Figure 1 shows the four fundamental bus-management functions that are performed with 
the 'ABTH18646A and "АВТН182646А. 
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description (continued) 


In the test mode, the normal operation of the SCOPE™ bus transceivers and registers is inhibited, and the test 
circuitry is enabled to observe and control the I/O boundary of the device. When enabled, the test circuitry 
performs boundary-scan test operations according to the protocol described in IEEE Standard 1149.1-1990. 


Four dedicated test pins observe and control the operation of the test circuitry: test data input (TDI), test data 
output (TDO), test mode select (TMS), and test clock (TCK). Additionally, the test circuitry performs other testing 
functions such as parallel-signature analysis (PSA) on data inputs and pseudo-random pattern generation 
(PRPG) from data outputs. All testing and scan operations are synchronized to the TAP interface. 


Improved scan efficiency is accomplished through the adoption of a one boundary-scan cell (BSC) per I/O pin 
architecture. This architecture is implemented in such a way as to capture the most pertinent test data. A 
PSA/COUNT instruction also is includedto ease the testing of memories and other circuits where a binary count 
addressing scheme is useful. 


Active bus-hold circuitry holds unused or floating data inputs at a valid logic level. 


The B-port outputs of 'ABTH1826464A, which are designed to source or sink up to 12 mA, include 25-Q series 
resistors to reduce overshoot and undershoot. 


The SN54ABTH18646A and SN54ABTH182646A are characterized for operation over the full military 
temperature range of —55?C to 125°C. The SN74ABTH18646A and SN74ABTH182646A are characterized for 
operation from —40°C to 85°C. 











FUNCTION TABLE 
(normal mode, each 9-bit section) 
IN DATA | 
--- ЕШТЕ B "OPERATION OR FUNCTION 
OE DIR  .CLKAB  CLKBA SAB SBA А1-А9 В1-В9 






Input Unspecifiedt Store A, B unspecifiedt 
Unspecifiedt Input Store B, A unspecified 


хх 
хх 
> 
х 
x 


X 
X Т X X 
H X T T X x Input Input Store A and B data 
L L X X X L Output Input Real-time B data to A bus 
Output Input disabled Stored B data to A bus 
L H X X L X Input Output Real-time A data to B bus 
L H X X ` H X Input disabled Output Stored A data to B bus 





T The data-output functions can be enabled or disabled by various signals at OE and DIR. Data-input functions are always enabled; i.e., data at 
the bus pins is stored on every low-to-high transition of the clock inputs. 





д» TEXAS 
INSTRUMENTS 


POST OFFICE BOX 655303 € DALLAS, TEXAS 75265 5-75 


SN54ABTH18646A, SN54ABTH182646A, SN74ABTH18646A, SN74ABTH182646A 
SCAN TEST DEVICES WITH 


18-BIT TRANSCEIVERS AND REGISTERS 


SCBS166D - AUGUST 1993 — REVISED JULY 1996 





ОЕ ОА СІКАВ CLKBA ЗАВ SBA OE ПА CLKAB CLKBA SAB SBA 
L L X X X L L H X x L x 
REAL-TIME TRANSFER REAL-TIME TRANSFER 
BUSBTOBUSA BUS A TO BUS B 
m m 
o o 
23 > 
m e 
. OE DIR CLKAB СІКВА SAB SBA OE DIR СІКАВ CLKBA ЗАВ SBA 
X X T X X X L L X X X H 
X X X T X X L H X X H X 
H X T T X X 
STORAGE FROM TRANSFER STORED DATA 
A, B, ORAAND B TO A AND/OR B 


Figure 1. Bus-Management Functions 
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functional block diagram 


Vcc 
15E £2 







оі 23 
1CLKBA -55 






2CLKBA 
2SBA 
2CLKAB 
2SAB 






Bypass Register 

Е | 
Identification 

Қ Register 


58 
24 > Instruction | 2 TDO 
TDI Register 
Усс 
ТМ5 56 > TAP 
26 ` Controller 


Pin numbers shown are for the PM package. 
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Terminal Functions 


TERMINAL NAME DESCRIPTION 


1А1-1А9, 
2А1-2А9 


1B1-1B9, 
2B1-2B9 


1CLKAB, 1CLKBA, я 2 ; ; 
2CLKAB, 2CLKBA Normal-function clock inputs. See function table for normal-mode logic. 


1DIR, 2DIR Normal-function direction controls. See function table for normal-mode logic. 


[— aw ооо 


10E 20E Normal-function output enables. See function table for normal-mode logic. An internal pullup at each terminal forces the 












Normal-function A-bus /О ports. See function table for normal-mode logic. 







Normal-function B-bus I/O ports. See function table for normal-mode logic. 











terminal to a high level if left unconnected. 


1SAB, 1SBA, | ; Қ 
25АВ,25ВА Normal-function select controls. See function table for normal-mode logic. 








Test clock. One of four terminals required by IEEE Standard 1149.1-1990. Test operations of the device are synchronous 
to TCK. Data is captured on the rising edge of TCK and outputs change on the falling edge of TCK. 

















Test data input. One of four terminals required by IEEE Standard 1149.1-1990. TDI is the serial input for shifting data 
through the instruction register or selected data register. An internal pullup forces TDI to a high level if left unconnected. 





Test data output. One of four terminals required by IEEE Standard 1149.1-1990. TDO is the serial output for shifting data 
through the instruction register or selected data register. 


Test mode select. One of four terminals required by IEEE Standard 1149.1-1990. TMS directs the device through its TAP 





controller states. An internal pullup forces TMS to a high level if left unconnected. 


Supply voltage 
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test architecture 


Serial-test information is conveyed by means of a 4-wire test bus or TAP that conforms to IEEE Standard 
1149.1-1990. All test instructions, test data, and test control signals are passed along this serial-test bus. The 
TAP controller monitors two signals from the test bus, TCK and TMS. The function of the TAP controller is to 
extract the synchronization (TCK) and state control (TMS) signals from the test bus and generate the 
appropriate on-chip control signals for the test structures in the device. Figure 2 shows the TAP-controller state 
diagram. 


The TAP controller is fully synchronous to the ТСК signal. Input data is captured on the rising edge of TCK and 
output data changes on the falling edge of TCK. This scheme ensures data to be captured is valid for fully 
one-half of the TCK cycle. 


The functional block diagram shows the IEEE Standard 1149.1-1990 4-wire test bus and boundary-scan 
architecture and the relationship among the test bus, the TAP controller, and the test registers. As shown, the 
device contains an 8-bit instruction register and four test-data registers: a 52-bit boundary-scan register, a 3-bit 
boundary-control register, a 1-bit bypass register, and a 32-bit device-identification register. 


Test-Logic-Reset 






TMS = Н 










Select-DR-Scan 


Capture-DR 





Вип-Тезиде 


р Select-IR-Scan 


TMS = L 


Capture-IR 


TMSzL 


ТМ =, 









Pause-DR 1 






Update-DR 





Figure 2. TAP-Controller State Diagram 
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The TAP controller is a synchronous finite state machine that provides test control signals throughout the device. 
The state diagram shown in Figure 2 is in accordance with IEEE Standard 1149.1-1990. The TAP controller 
proceeds through its states based on the level of TMS at the rising edge of TCK. 


As shown, the TAP controller consists of 16 states. There are six stable states (indicated by a looping arrow in 
the state diagram) and ten unstable states. A stable state is a state the TAP controller can retain for consecutive 
TCK cycles. Any state that does not meet this criterion is an unstable state. 


There are two main paths through the state diagram: one to access and control the selected data register and 
one to access and control the instruction register. Only one register can be accessed at a time. 


Test-Logic-Reset 


The device powers up in the Test-Logic-Reset state. In the stable Test-Logic-Reset state, the test logic is reset 
and is disabled so that the normal logic function of the device is performed. The instruction register is reset to 
an opcode that selects the optional IDCODE instruction, if supported, or the BYPASS instruction. Certain data 
registers also can be reset to their power-up values. 


The state machine is constructed such that the TAP controller returns to the Test-Logic-Reset state in no more 
than five TCK cycles if TMS is left high. The TMS pin has an internal pullup resistor that forces it high if left 
unconnected or if a board defect causes it to be open circuited. 


For the 'АВТН18646А and "АВТН182646А, the instruction register is reset to the binary value 10000001, which 
selects the IDCODE instruction. Bits 51-48 in the boundary-scan register are reset to logic 0, ensuring that 
these cells, which control A-port and B-port outputs, are set to benign values (i.e., if test mode were invoked, 
the outputs would be at high-impedance state). Reset values of other bits in the boundary-scan register should 
be considered indeterminate. The boundary-control register is reset to the binary value 010, which selects the 
PSA test operation. 


Run-Testidle 


The TAP controller must pass through the Run-Test/Idle state (from Test-Logic-Reset) before executing any test 
operations. The Run-Test/ldle state also can be entered following-data register or instruction-register scans. 
Run-Test/Idle is provided as a stable state in which the test logic can be actively running a test or can be idle. 
The test operations selected by the boundary-control register are performed while the TAP controller is in the 
Run-Test/ldle state. 


Select-DR-Scan, Select-IR-Scan 


No specific function is performed inthe Select-DR-Scan and Select-IR-Scan states, and the TAP controller exits 
either of these states on the next TCK cycle. These states allow the selection of either data-register scan or 
instruction-register scan. 


т 


Capture-DR 


When a data-register scan is selected, the TAP controller must pass through the Capture-DR state. In the 
Capture-DR state, the selected data register can capture a data value as specified by the current instruction. 
Such capture operations occur on the rising edge of TCK, upon which the TAP controller exits the Capture-DR 
State. 


Shift-DR 


Upon entry to the Shift-DR state, the data register is placed in the scan path between TDI and TDO, and onthe 
first falling edge of TCK, TDO goes from the high-impedance state to an active state. TDO enables to the logic 
level present in the least-significant bit of the selected data register. 





3» TEXAS 
INSTRUMENTS 


5-80 POST OFFICE BOX 655303 9 DALLAS, TEXAS 75265 


SN54ABTH18646A, SN54ABTH182646A, SN74ABTH18646A, SN74ABTH182646A 
SCAN TEST DEVICES WITH 
18-BIT TRANSCEIVERS AND REGISTERS 


SCBS166D - AUGUST 1993 – REVISED JULY 1996 


Shift-DR (continued) 


While in the stable Shift-DR state, data is serially shifted through the selected data register on each TCK cycle. 
The first shift occurs on the first rising edge of TCK after entry to the Shift-DR state (i.e., no shifting occurs during 
the TCK cycle in which the TAP controller changes from Capture-DR to Shift-DR or from Exit2-DR to Shift-DR). 
The last shift occurs on the rising edge of TCK, upon which the TAP controller exits the Shift-DR state. 


Exit1-DR, Exit2-DR 


The Exit1-DR and Exit2-DR states are temporary states that end а data-register scan. It is possible to return 
to the Shift-DR state from either Exit1-DR or Exit2-DR without recapturing the data register. On the first falling 
edge of ТСК after entry to Exit1-DR, ТОО goes from the active state to the high-impedance state. 


Pause-DR 


No specific function is performed in the stable Pause-DR state, in which the TAP controller can remain 
indefinitely. The Pause-DR state can suspend and resume data register-scan operations without loss of data. 


Update-DR 


If the current instruction calls for the selected data register to be updated with current data, such update occurs 
on the falling edge of TCK, following entry to the Update-DR state. 


Capture-IR 


When an instruction-register scan is selected, the TAP controller must pass through the Capture-IR state. In 
the Capture-IR state, the instruction register captures its current status value. This capture operation occurs 
on the rising edge of TCK, upon which the TAP controller exits the Capture-IR state. For the 'ABTH18646A and 
"АВТН182646А, the status value loaded in the Capture-IR state is the fixed binary value 10000001. 


Shift-IR 


Upon entry to the Shift-IR state, the instruction register is placed in the scan path between TDI and TDO, and 
on the first falling edge of TCK, TDO goes from the high-impedance state to an active state. TDO enables to 
the logic level present in the least-significant bit of the instruction register. 


While in the stable Shift-IR state, instruction data is serially shifted through the instruction register on each TCK 
cycle. The first shift occurs on the first rising edge of TCK after entry to the Shift-IR state (i.e., no shifting occurs 
during the TCK cycle, in which the TAP controller changes from Capture-IR to Shift-IR or from Exit2-IR to 
Shift-IR). The last shift occurs on the rising edge of TCK, upon which the TAP controller exits the Shift-IR state. 


Exit1-IR, Exit2-IR 


The Exit1-IR and Exit2-IR states are temporary states that end an instruction-register scan. It is possible to 
return to the Shift-IR state from either Exit1-IR or Exit2-IR without recapturing the instruction register. On the 
first falling edge of ТСК after entry to Exit1-IR, ТОО goes from the active state to the high-impedance state. 


Pause-IR 


No specific function is performed in the stable Pause-IR state, in which the TAP controller can remain 
indefinitely. The Pause-IR state can suspend and resume instruction-register scan operations without loss of 
data. 


Update-IR 


The current instruction is updated and takes effect on the falling edge of TCK, following entry to the Update-IR 
state. 
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register overview 


With the exception of the bypass and device-identification registers, any test register can be thought of as a 
serial-shift register with a shadow latch on each bit. The bypass and device-identification registers differ in that 
they contain only a shift register. During the appropriate capture state (Capture-IR for instruction register, 
Capture-DR for data registers), the shift register can be parallel loaded from a source specified by the current 
instruction. During the appropriate shift state (Shift-IR or Shift-DR), the contents of the shift register are shifted 
out from TDO while new contents are shifted in at TDI. During the appropriate update state (Update-IR or 
Update-DR), the shadow latches are updated from the shift register. 


instruction register description 


The instruction register (IR) is eight bits long and tells the device what instruction is to be executed. Information 
contained in the instruction includes the mode of operation (either normal mode, in which the device performs 
its normal logic function, or test mode, in which the normal logic function is inhibited or altered), the test operation 
to be performed, which of the four data registers is to be selected for inclusion in the scan path during 
data-register scans, and the source of data to be captured into the selected data register during Capture-DR. 


Table 3 lists the instructions supported by the 'ABTH18646A and 'АВТН182646А. The even-parity feature 
specified for SCOPE™ devices is supported in this device. Bit 7 of the instruction opcode is the parity bit. Any 
instructions that are defined for SCOPE™ devices but are not supported by this device default to BYPASS. 


During Capture-IR, the IR captures the binary value 10000001. As an instruction is shifted in, this value is shifted 
out via TDO and can be inspected as verification that the IR is in the scan path. During Update-IR, the value 
that has been shifted into the IR is loaded into shadow latches. At this time, the current instruction is updated 
and any specified mode change takes effect. At power up or in the Test-Logic-Reset state, the IR is reset to the 
binary value 10000001, which selects the IDCODE instruction. The IR order of scan is shown in Figure 3. 


Bit 7 
TDI Parlty Bit 6 : quM P TDO 
(MSB) | (LSB) 


Figure 3. Instruction Register Order of Scan 
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data register description 


boundary-scan register 


The boundary-scan register (BSR) is 52 bits long. It contains one boundary-scan cell (BSC) for each 
normal-function input pin, one BSC for each normal-function I/O pin (one single cell for both input data and 
output data), and one BSC for each of the internally decoded output-enable signals (1OEA, 2ОЕА, 1OEB, 
2OEB). The BSR is used 1) to store test data that is to be applied externally to the device output pins, and/or 
2) to capture data that appears internally at the outputs of the normal on-chip logic and/or externally at the device 
input pins. 

The source of data to be captured into the BSR during Capture-DR is determined by the current instruction. The 
contents of the BSR can change during Run-Test/Idle as determined by the current instruction. At power up or 
in Test-Logic-Reset, BSCs 51-48 are reset to logic 0, ensuring that these cells, which control A-port and B-port 
outputs, are set to benign values (i.e., if test mode were invoked, the outputs would be at high-impedance state). 
Reset values of other BSCs should be considered indeterminate. 


When external data is to be captured, the BSCs for signals 1OEA, 2OEA, 1OEB, and 2OEB capture logic values 
determined by the following positive-logic equations: 1OEA = 1OE e 1DIR, 2OEA = 2OE e2DIR, 
1ОЕВ = 1ОЕ e DIR, and 2OEB = 2OE е DIR. When data is to be applied externally, these BSCs control the 
drive state (active or high impedance) of their respective outputs. 


The BSR order of scan is from TDI through bits 51-0 to ТОО. Table 1 shows the BSR bits and their associated 
device pin signals. 


Table 1. Boundary-Scan Register Configuration 


BSR BIT . DEVICE BSR BIT DEVICE BSR BIT DEVICE 
NUMBER SIGNAL NUMBER SIGNAL NUMBER SIGNAL 










EY x a | оо [т | o | 
[so юры | 2Aewo [в [шо | 
Па роза рю | aro [в [ло | 
а aor] s | eve [в | тво | 
[asf om | s | олно | t ] eso — 
ъъ | z | z | mo | o | eso | 
р E | 2 [жо | t | eo БЕН 
[ « | в | 2 | жю | ° | o | 
= C| us [| 2 | uso [в [лб — 
Го | юм | 2 | uo | s | seme | 
9 [эз C| 2 | uso | s | so j 


з | ise | = | so [ 4 | so] 
| м | | oe [з | вю | 
[s | is [ = | o [ 2 | тво | 
LL юр вю | 
ЕЕ в ано C T | тво | 
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boundary-control register 


The boundary-control register (BCR) is three bits long. The BCR is used in the context of the boundary-run test 
(RUNT) instruction to implement additional test operations not included in the basic SCOPE" instruction set. 
Such operations include PRPG, PSA, and binary count up (COUNT). Table 4 shows the test operations that 
are decoded by the BCR. 


During Capture-DR, the contents of the BCR are not changed. At power up or in Test-Logic-Reset, the BCR is 
reset to the binary value 010, which selects the PSA test operation. The BCR order of scan is shown in 
Figure 4. 


TDI TDO 





Figure 4. Boundary-Control Register Order of Scan 


bypass register 


The bypass register is a 1-bit scan path that can be selected to shorten the length of the system scan path, 
reducing the number of bits per test pattern that must be applied to complete a test operation. During 


Capture-DR, the bypass register captures a logic O. The bypass register order of scan is shown in 
Figure 5. 


TDI TDO 


Figure 5. Bypass Register Order of Scan 
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device-identification register 
The device-identification register (IDR) is 32 bits long. It can be selected and read to identify the manufacturer, 
part number, and version of this device. 


For the 'ABTH186464 , the binary value 00000000000000101001000000101111 (0002902F, hex) is captured 
(during Capture-DR state) in the IDR to identify this device as Texas Instruments SN54/74ABTH18646A. 


For the 'ABTH1826464 , the binary value 000000000000001 01101000000101111 (0002002Ғ, hex) is captured 
(during Capture-DR state) in the IDR to identify this device as Texas Instruments SN54/74ABTH182646A. 


The IDR order of scan is from TDI through bits 31—0 to TDO. Table 2 shows the IDR bits and their significance. 


Table 2. Device-Identification Register Configuration 


NUMBER SIGNIFICANCE NUMBER SIGNIFICANCE NUMBER SIGNIFICANCE 
з | venson — | 2 | PARTNUMBERIS | и | MANUFACTURER | 
Го | versione — | æ | РАвтмимвена | 10 | MANUFACTUREROS | 
[о | уезом — | 28 | _PARTNUMBERI@ | o — | wANUFACTURERDSI | 
[= | уеязоо | м | PammuweEm | в | MANUFACTURERUIT | 
= = | 2 rarer | 7 — | маногАСТОВЕНО | 
x — | = | z [яме | 6 | MANUFRCTUREROSE | 
Е = [а лвтчомвено | 5 | MANUFACTURERO4T | 
= | = [о | влатмомвевов | 4 | мАКОРАСТОНЕНОЗ - 
= [Г = [о [рома | —3 | мАМОРАСТОНЕНОФ - 
= | = [в | Pannonos | 2 | MANUFACTUREROTT | 
Е = Ги 1 Panumo | 1 | MANUFACTUREROOT_ 
= | = [о | Pam | o | 1936 — — 

Ps | вес | — | — J] 
— S| = БЕТТЕН ee = ==— 
C| ee БЕСТЕН ЕШ ІІ” БАВИ ee = =l 
0 о _вамтмимвевоо | — L ——  — 


T Note that for ТІ products, bits 11-0 of the device-identification register always contain the binary value 000000101111 
(02F, hex). 































35 TEXAS 
INSTRUMENTS 


POST OFFICE BOX 655303 € DALLAS, TEXAS 75265 5-85 


SN54ABTH18646A, SN54ABTH182646A, SN74ABTH18646A, SN74ABTH182646A 
SCAN TEST DEVICES WITH 
18-BIT TRANSCEIVERS AND REGISTERS 


SCBS166D ~ AUGUST 1993 – REVISED JULY 1996 
instruction-register opcode description 


The instruction-register opcodes are shown in Table 3. The following descriptions detail the operation of each 
instruction. 


Table 3. Instruction-Register Opcodes 


BINARY CODET 
BIT 7 ВТО SCOPE OPCODE DESCRIPTION SEDEGTED DATA 
REGISTER 
MSB — LSB 


Г ооо: | — IDCODE | — Iona | Devico identiicaton | Normal | 
[10000010 | SAWPLE/PRELOAD | Sampleboundary | Boundary scan | "ота | 
[eoo | зуб” | — — Bpassan | Bypass | Мота | 
[ ‘ооо | — в? — | ураза ват вураз | Normal | 
Г охот БИВА [bypass scan — | Bypass | Мота | 
ооо | уға” — | —  Bypasssan — — | Bypass | Normal | 
Г көле | пк | — — Boundary reaa — | Boundary scan | Normal | 
[Tono | SCaNGN | _Boundary-conto register scan — | Boundary contr | Normal | 
лез | Вз | рани _____ Bypass | Normal | 


t Bit 7 is used to maintain even parity in the 8-bit instruction. 
t The BYPASS instruction is executed in lieu of a SCOPE" instruction that is not supported in the 'ABTH18646A or 'АВТН182646А. 




















boundary scan 


This instruction conforms to the IEEE Standard 1149.1-1990 EXTEST instruction. The BSR is selected in the 
scan path. Data appearing at the device input and I/O pins is captured in the associated BSCs. Data that has 
been scanned into the I/O BSCs for pins in the output mode is applied to the device I/O pins. Data present at 
the device pins is passed through the BSCs to the normal on-chip logic. For УО pins, the operation of a pin as 
input or output is determined by the contents of the output-enable BSCs (bits 51—48 of the BSR). When a given 
output enable is active (logic 1), the associated I/O pins operate in the output mode. Otherwise, the ИО pins 
operate in the input mode. The device operates in the test mode. 


identification read 


This instruction conforms to the IEEE Standard 1149.1-1990 IDCODE instruction. The IDR is selected in the 
scan path. The device operates in the normal mode. 


sample boundary 
This instruction conforms to the IEEE Standard 1149.1-1990 SAMPLE/PRELOAD instruction. The BSR is 
selected in the scan path. Data appearing at the device input pins and ИО pins in the input mode is capture 
in the associated BSCs, while data appearing at the outputs of the normal on-chip logic is captured in the BSCs 
associated with І/О pins in the output mode. The device operates in the normal mode. 
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bypass scan 


This instruction conforms to the IEEE Standard 1149.1-1990 BYPASS instruction. The bypass register is 
selected in the scan path. A logic 0 value is captured in the bypass register during Capture-DR. The device 
operates in the normal mode. 


control boundary to high impedance 


This instruction conforms to the IEEE Standard 1149.1a-1993 HIGHZ instruction. The bypass register is 
selected in the scan path. A logic 0 value is captured in the bypass register during Capture-DR. The device 
operates in a modified test mode in which all device /О pins are placed in the high-impedance state, the device 
input pins remain operational, and the normal on-chip logic function is performed. 


control boundary to 1/0 


This instruction conforms to the IEEE Standard 1149.1a-1993 CLAMP instruction. The bypass register is 
selected in the scan path. A logic 0 value is captured in the bypass register during Capture-DR. Data in the I/O 
BSCs for pins in the output mode is applied to the device I/O pins. The device operates in the test mode. 


boundary-run test 


The bypass register is selected in the scan path. A logic 0 value is captured in the bypass register during 
Capture-DR. The device operates in the test mode. The test operation specified in the BCR is executed during 
Run-Test/Idle. The five test operations decoded by the BCR are: sample inputs/toggle outputs (TOPSIP), 
PRPG, PSA, simultaneous PSA and PRPG (PSA/PRPG), and simultaneous PSA and binary count up 
(PSA/COUNT). 


boundary read 


The BSR is selected in the scan path. The value in the BSR remains unchanged during Capture-DR. This 
instruction is useful for inspecting data after a PSA operation. 


boundary self test 


The BSR is selected in the scan path. All BSCs capture the inverse of their current values during Capture-DR. 
In this way, the contents of the shadow latches can be read out to verify the integrity of both shift-register and 
shadow-latch elements of the BSR. The device operates in the normal mode. 


boundary toggle outputs 


The bypass register is selected in the scan path. A logic 0 value is captured in the bypass register during 
Capture-DR. Data in the shift-register elements of the selected output-mode BSCs is toggled on each rising 
edge of TCK in Run-Test/Idle, updated in the shadow latches, and applied to the associated device І/О pins on 
each falling edge of ТСК in Run-Test/Idle. Data in the input-mode BSCs remains constant. Data appearing at 
the device input or I/O pins is not captured in the input-mode BSCs. The device operates in the test mode. 


boundary-control-register scan 


The BCR is selected in the scan path. The value in the BCR remains unchanged during Capture-DR. This 
operation must be performed before a boundary-run test operation to specify which test operation is to be 
executed. 
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boundary-control register opcode description 


The BCR opcodes are decoded from BCR bits 2-0 as shown in Table 4. The selected test operation is performed 
while the RUNT instruction is executed in the Run-Test/ldle state. The following descriptions detail the operation 
of each BCR instruction and illustrate the associated PSA and PRPG algorithms. 


Table 4. Boundary-Control Register Opcodes 


BINARY CODE 
BIT 2 BITO DESCRIPTION 
MSB > LSB 


[on | Simuttaneous PSA and PRPG/T@-bit mode (PSAIPRPG) | 
и | Simutanecus PSA and binary count upjt-bit mode (PSAICOUNT) | 


While the control input BSCs (bits 51-36) are not included in the toggle, PSA, PRPG, or COUNT algorithms, 
the output-enable BSCs (bits 51-48 of the BSR) control the drive state (active or high impedance) of the selected 
device output pins. These BCR instructions are valid only when both bytes of the device are operating in one 
direction of data flow (that is, 1OEA z 1OEB and 2OEA z 2OEB) and in the same direction of data flow (that is, 
1OEA = 2OEA and 1OEB = 2OEB). Otherwise, the bypass instruction is operated. | 













sample inputs/toggle outputs (TOPSIP) 


Data appearing at the selected device input-mode I/O pins is captured in the shift-register elements of the 
associated BSCs on each rising edge of TCK. Data in the shift-register elements of the selected output-mode 
BSCs is toggled on each rising edge of TCK, updated in the shadow latches, and applied to the associated 
device I/O pins on each falling edge of TCK. 
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pseudo-random pattern generation (PRPG) | 
A pseudo-random pattern is generated in the shift-register elements of the selected BSCs on each rising edge 
of TCK, updated in the shadow latches, and applied to the associated device output-mode I/O pins on each 
falling edge of TCK. Figures 6 and 7 illustrate the 36-bit linear-feedback shift-register algorithms through which 
the patterns are generated. An initial seed value should be scanned into the BSR before performing this 
operation. A seed value of all zeroes does not produce additional patterns. 


2A9-/O 2А8-/О 2А7-/0 2А6-/0 2А5/0 2А4-/О 2А3-/0  2A2-/O > 2А1-/0 


1А9-/0 1А8-/0 1А7-/0 1А6-/О 1А5-/0 A IO 1АЗ-/О 1A2-l//O 1А1-/0 





© | J > 1B9-/O  1B8-/O  1B7-/O  1B6-/O 1B5-/0 184/0 183-50  1B2-/O 181-/0 
Figure 6. 36-Bit PRPG Configuration (10EA = 2ОЕА = 0, 10EB = 20ЕВ = 1) 





35 TEXAS 
INSTRUMENTS 


POST OFFICE BOX 655303 € DALLAS, TEXAS 75265 5-89 


SN54ABTH18646A, SN54ABTH182646A, SN74ABTH18646A, SN74ABTH182646A 
SCAN TEST DEVICES WITH 
18-BIT TRANSCEIVERS AND REGISTERS 


SCBS166D – AUGUST 1993 - REVISED JULY 1996 


pseudo-random pattern generation (PRPG) (continued) 


2В9-/0 288-/0  2B7-/O 286-/0  2B5-/O 2В4-/0  2B3-/O  2B2-/O 2В1-/О 








1B9-/O 188-/0 1B7-/O  1B6-/O  1B5-/O 1840  1B3-/O  1B2-/O 1В1-/О 


пай fa ee e s 


гА9-/0 2А8-/О 2А7-/0 2А6-/0 2А5-/0 2А4-ІО A 2A3-/O 242-/0 > 2А1-/0 


e J) >- 1A9-I/O 1А8-/О 1A7-10 1A6-UO  1A5-/O  1A4l/O 1А3-/0 1А240 1A1-10 
Figure 7. 36-Bit PRPG Configuration (1ОЕА = 20EA = 1, 1ОЕВ = 20EB = 0) 
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parallel-signature analysis (PSA) 
Data appearing at the selected device input-mode I/O pins is compressed into a 36-bit parallel signature in the 
shift-register elements of the selected BSCs on each rising edge of TCK. Data in the shadow latches of the 
selected output-mode BSCs remains constant and is applied to the associated device I/O pins. Figures 8 and 9 
illustrate the 36-bit linear-feedback shift-register algorithms through which the signature is generated. An initial 
seed value should be scanned into the BSR before performing this operation. 


2А9-/О 2А8-/0 2А7-ІО 2А6-/0  2A5-/O 2А4-/0 2АЗ-/О 2А2-/0 2А1-/О 


8-9-9-9-8-8-9-8-8 











1А4-/О 1А3-/0 1А2-/0 1A1-I/0 





1А5-/О 





1A6-1/0 







1А7-/О 


48-8-8-8-8-6-8- 


1А9-/0 


8-6 


1A8-I/O 








Ф 2B» 1B9-/O 1880  1B7-/O  1B6-/O  1B5-/O  1B4-/O 1B3-/O  1B2-/O 1В1-/О 


Figure 8. 36-Bit PSA Configuration (1OEA = 2ОЕА = 0, ТОЕВ = 20ЕВ = 1) 
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parallel-signature analysis (PSA) (continued) 


2B9-/O 288-/0 287-/0 286-/0  2B5-/O  2B4-/O  2B3-/O 282-/0 2В1-/О 






1B9-/O  1B8-/O 187-10  1B6-/O  1B5-/O  1B4-l/O  1B3-/O  1B2-l/O 181-/0 





LL LI RN 


149-/0 1А8-/0 1А7-/0 1А6-/О 1А5-/О 1А4/0 1АЗ-/О 1А2-/0 1А1-/О 


Figure 9. 36-ВИ PSA Configuration (1OEA = 20ЕА = 1, 10ЕВ = 20EB = 0) 
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simultaneous PSA and PRPG (PSA/PRPG) 


Data appearing at the selected device input-mode I/O pins is compressed into an 18-bit parallel signature in 
the shift-register elements of the selected input-mode BSCs on each rising edge of TCK. At the same time, an 
18-bit pseudo-random pattern is generated in the shift-register elements of the selected output-mode BSCs on 
each rising edge of TCK, updated in the shadow latches, and applied to the associated device I/O pins on each 
falling edge of TCK. Figures 10 and 11 illustrate the 18-bit linear-feedback shift-register algorithms through 
which the signature and patterns are generated. An initial seed value should be scanned into the BSR before 
performing this operation. A seed value of all zeroes does not produce additional patterns. 


2A9-/O  2A8-/O 2А7-/0  2A6-/O  2A5-/O 2А4-/0 2А3-/0 2А2-/0 — 2A1-I/O 


149-/0 1А8-/0 1А7-/О 1А6-/О 1А5-/0 1А4-/О 1АЗ-/О 





1B9-//O  1B8-/O  1B7-/O  1B6-/O  1B5-/O  1B4-/O  1B3-/O  1B2-/O 1В1-/О 


Figure 10. 18-Bit PSA/PRPG Configuration (1ОЕА = 20EA = 0, 1ОЕВ = 20ЕВ = 1) 
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2B9-/O  2B8-/O 287/0 2В6-/0  2B5-/O 28400 283-00  2B2-/O 2В1-!О 





1А9-/0 1А8/0 1А7-/0 1А6-/0  1A5-//O . 1A4-l//O 1АЗ-/О  1A2-I/O 1A1-1/0 


Figure 11. 18-Bit PSA/PRPG Configuration (1OEA = 20EA = 1, 10EB = 20EB = 0) 
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simultaneous PSA and binary count up (PSA/COUNT) 

Data appearing at the selected device input-mode I/O pins is compressed into an 18-bit parallel signature in 
the shift-register elements of the selected input-mode BSCs on each rising edge of TCK. At the same time, an 
18-bit binary count-up pattern is generated in the shift-register elements of the selected output-mode BSCs on 
each rising edge of TCK, updated in the shadow latches, and applied to the associated device I/O pins on each 
falling edge of TCK. Figures 12 and 13 illustrate the 18-bit linear-feedback shift-register algorithms through 
which the signature is generated. An initial seed value should be scanned into the BSR before performing this 
operation. 


2А9-/0 2А8-ІО 2А7-/0 2А6-/0 2А5-/0 2A4-I/0 2А3-/О 2А2-/0 2A1-I/O 


1А9-/0 1А8-/О 1A7-//O 1А6-/О 1А5-/0 1А4/0 1АЗ-/О  1A2-/O 1А1-/О 





JO0000000 


2B9-/O  2B8-/O 2870 286-/0  2B5-/O 2840 2830  2B2-/O 2В1-/О 


950 000000006 


= J > 1B9-/O  1B8-/O 1В7-/0  1B6-/O  1B5-/O 1840  1B3-/O  1B2-/O 181-/0 


Figure 12. 18-Bit PSA/COUNT Configuration (1ОЕА = 20EA = 0, 1OEB = 20ЕВ = 1) 
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simultaneous PSA and binary count up (PSA/COUNT) (continued) 


2B9-/O  2B8-/O  2B7-/O 286-/0  2B5-/O  2B4-/O  2B3-/O 282/0  2B1-l/O 





POGUE 


2A9-/O 2А8-/О 2А7-/О  2A6-/O  2A5-/O 2А4-/0О 2АЗ-/О  2A2-/O 2A1-1/0 


ир рр 


1А9-/О 1А8-/О 1А7-/О  1A6-/O  1A5-/O 1А4-/0 1А3- О 1А2-/0 1А1-/0 


Figure 13. 18-Bit PSA/COUNT Configuration (1ОЕА = 2ОЕА = 1, 1ОЕВ = 20EB = 0) 
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timing description 


All test operations of the 'ABTH18646A and "АВТН182646А are synchronous to ТСК. Data on the TDI, TMS, 
and normal-function inputs is captured on the rising edge of TCK. Data appears on the TDO and normal-function 
output pins on the falling edge of TCK. The TAP controller is advanced through its states (as shown in Figure 2) 
by changing the value of TMS on the falling edge of TCK and then applying a rising edge to TCK. 


A simple timing example is shown in Figure 14. In this example, the TAP controller begins in the 
Test-Logic-Reset state and is advanced through its states, as necessary, to perform one instruction-register 
scan and one data-register scan. While in the Shift-IR and Shift-DR states, TDI is used to input serial data, and 
TDO is used to output serial data. The TAP controller is then returned to the Test-Logic-Reset state. Table 5 
details the operation of the test circuitry during each TCK cycle. 


Table 5. Explanation of Timing Example 


TCK TAP STATE 
CYCLE(S) | AFTER ТСК DESCRIPTION 
: TMS is changed to a logic 0 value on the falling edge of TCK to begin advancing the TAP controller toward 


[2 [as | 7 
[3 feansa] 
sa [| ү тс я = AMNEM NENNEN 


Capture-IR The IR captures the 8-bit binary value 10000001 on the rising edge of TCK as the TAP controller exits the 
ARUS Capture-IR state. 
EN Shift-IR TDO becomes active and TDI is made valid on the faliing edge of TCK. The first bit is shifted into the TAP 





















on the rising edge of TCK as the TAP controller advances to the next state. 


One bit is shifted into the IR on each ТСК rising edge. With TDI heldat a logic 1 value, the 8-bit binary value 
7-13 Shift-IR 11111111 isserially scannedintothe IR. Atthe sametime, the 8-bit binary value 10000001 is serially scanned 
out of the IR via TDO. In TCK cycle 13, TMS is changed to a logic 1 value to end the IR scan on the next 
TCK cycle. The last bit of the instruction is shifted as the TAP controller advances from Shift-IR to Exit1-IR. 


Exit1-IR TDO becomes inactive (goes to the high-impedance state) on the falling edge of TCK. 
| 15 [| Update-IR The IR is updated with the new instruction (BYPASS) on the falling edge of TCK. 
CUI UBRNMNNN NN 


The bypass register captures a logic 0 value on the rising edge of TCK as the TAP controller exits the 
Capture-DR Capture-DR state. 


Shift-DR TDO becomes active and TDI is made valid on the falling edge of TCK. The first bit is shifted into the TAP 
on the rising edge of ТСК as the TAP controller advances to the next state. 


[ 19-20 | ShitDR | The binary value 101 is shifted in via TDI, while the binary value 01015 shifted out via TDO. — — — | 
[= | вон | TOO becomes inactive (goes to the high-impedance state) on the faling edge ofTOK. | 
Select-DR-Scan 
| 25 | 























ТЕСТИИ пъ 
Test-Logic-Reset | Test operation completed 
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timing description (continued) 


1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 





TMS 
то! 
Y NV NC NCNC УА 
TDO 0000010000000 
s| e | |с | с сішісіс с ск | е | с |< 
засаа = + | 8 а G a/o/8| 3] 3 
с #0 0 5 Е Е 9 | Š = = |2 |0 |9 |ë 
TAP ее ЕА е Ша аа ó й за [Е 
Controller) 2 Е |< 15 |ó эі | с 85151518 
зае 28 |8 2 510 8 3 3 
s| |818 8 88% 


%% 3-State (ТОО) or Don’t Care (TDI) 


Figure 14. Timing Example 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 


Supply voltage range, VOG .......................................................... —0.5 V to 7 V 
Input voltage range, Vi: except I/O ports (see Note 1) .................................. —0.5 Vto 7 V 
СО ports (see Note 1) ........................................ —0.5 V to 5.5 V 

Voltage range applied to any output in the high state or power-off state, Vo .............. —0.5 V to 5.5 V 
Current into any output in the low state, lo: SNS4ABTH18646A ............................... 96 mA 
SN54ABTH182646A (А port or ТОО) ................ 96 mA 

SN54ABTH182646A (В port) ....................... 30 mA 

SN74ABTH18646A .............................. 128 mA 

SN74ABTH182646A (A рой ог TDO) ............... 128 mA 

SN74ABTH182646A (B port) ....................... 30 mA 

Input clamp current, lik (V< 0) ........................................................... -18 mA 
Output clamp current, Ток (Vo < 0) ........................................................ -50 mA 
Maximum package power dissipation at TA = 55°C (in still air) (see Note 2): PM package ........... 1W 
Storage temperature range, Tyg .................................................. — 65°C to 150°C 


t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1. The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 

2. The maximum package power dissipation is calculated using a junction temperature of 150°C and a board trace length of 75 mils. 
For more information, refer tothe Package Thermal Considerations application note in the ABT Advanced BiCMOS Technology Data 
Book, literature number SCBDO002. 
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recommended operating conditions 


Усс Supply voltage 
IH High-level input voltage 
VIL Low-level input voltage 


VI Input voltage 

loH High-level output current 

OL Low-level output current 

ДУДУ Input transition rise or fall rate 
TA Operating free-air temperature 





electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 












SN54ABTH18646A 
ТА = 25°C ТА = -55°C to 125°C | UNIT 
MN ТҮРТ МАХ MN МАХ | 








PARAMETER TEST CONDITIONS 












ЕЕ — ПЕНА ар ме | | 
Voo-48V — ЕТ ИИ РИ ИЕ j] 
VoH Voo=5V, он А |e o J —— —] “ 





зе ә —— 
va оставу lo = 48 mA — s 


CLK, DIR, 9; TU 









образ | Үсс-5-5У, = Voc or GND pum 
Voc «55V, Ur 
Усс = 557, = GND — тис лат 
пера шшш ee пана 
у-у [85 t so) | 


южн |10 «(<< |М6с-55У Vo-27V OE-2V =з — 3] 
по. |00 \сс=55\ Үо-о5, oE-2v | =o | 


Voc = 0to 2.1 V, 
Voc z2.1Vto 0, 


la — осо момо | ғә) ы 
Псех [Outputshigh —  Voc-585w —  "Vo-88v [| ж — sfm 
fof __________|Мос-=66% — Vo-2sv |æ mo 29) 590 30 | па | 
Vcc 85V, pesme ——= 

A or B ports 














icc 650, — НЕВЕ ee |Б! 
Outputs disabled М = Усс or GND 
Voc = 5.5 V, One input at 3.4 V, 
нос! Oier oua Vog or GND С ИШЕК СН 
[Ci | Control inputs М! = 2.5 V or 0.5 V 


о хр уу = =s 
[Co __|тоо —  —  — jVo-25voosV 1 8 | |] 


Т All typical values are at Усс = 5 V. 

t The parameter (hold) includes the off-state output leakage current. 

§ Not more than one output should be tested at a time, and the duration of the test should not exceed one second. 

f This is the increase in supply current for each input that is at the specified TTL voltage level rather than Усс or GND. 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 


SN74ABTH18646A 
PARAMETER TEST CONDITIONS Ta = 25°C | ТА = -40°С to 85°С | UNIT 
MIN ТҮРІ MAX 


ТТТ. 


Voc = 45У [он = -3 mA | 
Усс=5\ [он = -3 mA ик растат ae ee 
Пон=-4тА d sd 

Voc =4.5V = 
ІОН = -32 mA НЕК ШИЕ = 

















IOL = 48 mA 
Voc =4.5V 
ІСІ = 64 mA 
Е Ина 


eC к бо or GND 
OE, TDL WS  |Voc=55v. Voc и а 
OE, TDI, TMS Voc = 55 V, = GND -40 -150 


mev e m e| в |, 
- 
CI ONG — cua жили: ЕСІНЕ 
са mo esu вел ___| _ — | 
БЕН ЕЛЕСІ 
n MET 
ы. 








Псех КТ ИИ ТРЕТИ О ОЕ В || 
ios оотвзу \о-?з\ ____--> лю | 0 2 | m^ | 
[Gwpusmgh —  |voc-ssv. _____7 ар 2 


is Кои мәне вата 
Outputs disabled VI = Усс or GND 


q Vcc = 5.5 V, One input at 3.4 V, 
Alcc Other inputs at Voc or GND 
а СЕТИ ЕЕ 
ОЗШЕ s Уо-2.5Уог0.5У Е. 


С = СТЕРЕО НЕТ Е ЕДИНОЙ ВЕ 


T All typical values are at Voc = 5 V. 

+ The parameter Ноја) includes the off-state output leakage current. 

§ Not more than one output should be tested at a time, and the duration of the test should not exceed one second. 

1 This is the increase іп supply current for each input that is at the specified TTL voltage level rather than Vcc or GND. 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (normal mode) (see Figure 15) 


SN54ABTH18646A | SN74ABTH18646A 
folock ^ Clock frequency CLKAB or CLKBA 0 100 | о 100 | 
CLKAB or CLKBA high or Tow — SS | TT 
A before CLKABT or BbetoreciKeaT | 5 | 5 | 
th Hold time A after CLKABT or B after CLKBAT | 09 | 05 | 


timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (test mode) (see Figure 15) 


ШЕТІН 
С 
Сте 




















ы ae јин пик | 
Песак ЕЕ — [TK —— — — ———— | s 5| ° -— 8 м | 
ы Pulse duration — — roo аа №, 
KB, CLK, DIR, OE orS before TORT | 9$ o ООО 
ы Setuptime | порастем ООО ЗИ ОЕ 
тиз вво | 3 {3 
в.о, OB orSaterToKT | 15 — | 15 | 
бо Hodiime 
О —— | 35 Ls 
ш Deum | PowerupiotcxT — — — | 





*On products compliant to MIL-PRF-38535, this parameter is not production tested. 
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switching characteristics over теспи ёпей | ranges iof ута voltage: дер operating {б АН 
temperature (unless otherwise noted) (normal mode) (see Figure 15) 












[ОО SNS4ABTH8646A = | 
FROM Voc =5V, ear 4.5 V to 5.5 V, 
PARAMETER (INPUT) roe ET = 25°C ТА =-85°C to 125°C | UNIT 
ТУР МАХ; ММ МАХ | 


| тах — | _— CLKAB or CLKBA — ie Ew a 





3 Tis эт a] is 
PHL БЕТ ЖЕ TREO SS 
15 36 56) 15 68 | 
PLH CLKAB or CLKBA BorA 
cu a А 
ПИШ: | 





1.5 
ше 
| ш 
= 
оп a 
ва | а Т! НЕ ЖЕШЕТ 
t 1.5 4.2 6.7 1.5 7.6 
E EN 
tPzL | 15 43 69] 15 77 
t 2 59 88| 2 103 | 
PHZ BorA 
[ mz __ 2-47 69 
— A ПЕ S а “7 2 е] 
2 as m| 2 и. 


switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (normal mode) (see Figure 15) 


ПЛ SN7AABTHI8646A | 
FROM TO Voc -5 V, EE 4.5 V to 5.5 V, 
PARAMETER (INPUT) (OUTPUT) E 25°С Ta =-40°С1о85°с | UNIT 
ТҮР МАХ нме мах NM 


[= | CLKAB or CLKBA 














4.7 —-— 
ES Aor B BorA 
| ры | 50| 15 54 | 
ЕТ МЕГГЕ UNE ON 
BEAN LH CLKAB or CLKBA BorA 
fH | 15 38  58| 15 67 | 


15 38  60| 15 686 | 
EER SAB or SBA BorA 
— — ee ев 75 ев 


i [ 15 39 03| 15 7| 

—— Bor À 

E AC Los a 6з] 1572 
a 1.5 4.2 6.7 1.5 7.4 

BorA | 

| рл | 1.5 43 6.9 1.5 7.6 

2 so ssl 2 1. 
ЕНЕ ВогА 

2 47 65 

ШЕГІНДЕ аа 2 
Бе BorA 

248 71 
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ЕТЕНЕ characteristics over recommended ranges of ЖАБЫ voltage and operating free-air 
temperature (unless otherwise noted) (test mode) (see Figure 15) 


ПР SN54ABTHI86046A || 
ЕКОМ то Ө ET =5V, Voc = 4.5 V to 5.5 V, 
PARAMETER (INPUT) (OUTPUT) tm 25°C ТА =-40°С to 85°С | UNIT 
ТҮР MAX] MIN — MAX | 


тю юа ___|м= 
25 вт E 
и теку AorB 
| юж | 2.5 6.5 10.8 2.5 12.6 


tPLH 


TCKL 
Не 
| tpzH | 
tPZL 


switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (test mode) (see Figure 15) 


| —  SNIAABTHIS046A || 
FROM TO EET - 5 V, Voc = 4.5 V to 5.5 V, 
PARAMETER (INPUT) (OUTPUT) as = 25°C Ta =-40°C 10 85°С | UNIT 
ТҮР МАХ лапили ам масо 
£s 



















и NNNM 6.1 — — 13.1 

аваси TCKL AorB 

tPHL 10.8 2.5 12.4 
ваше RH 

PEH ТСК TDO 

ЕНІ: 2. 37.5] = s= 
кн 4 39 

ла теку AorB 

ia + 72 таа тва 
37 57| 2 698 | 

РЕН | ток} TDO 

tPZL 
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recommended operating conditions 


Supply volage ШЕТ ИЕШЕ ТИ БИГЕ 
TELENET ae 5 = скин 
TUTTI TINTE — Ш: 























Input voltage л еее 
| а ава а а A port, TDO а. 
MBA š з Герти 
Аро 50а | — — 9 
IOL Low-leve! output current 5“ 
[Brot — 0 — | - 12) | 
Ailav Input ranston rise oral rale = a a 
TA Operating free-air temperature | -55 125 | -40 85 
PRODUCT PREVIEW information concerns products In the formative or 
dean phase of development. Characteristic date and other «X5 
ications are design goals. Texas Instruments reserves the right to Ti 
change or discontinue these products without notice. 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 


Ta = 25°C SN54ABTH182646A | SN74ABTH182646A 
PARAMETER TEST CONDITIONS UNIT 
ын түт ма мы MAX мн мах 
We срам петлета E =] 


|Үсс-45У, lou--3mA | ыз m е үз E 
lVcc-5V. lou--3m [| 
Apon, ТОО ССТ SH 
lou-ca4mA | 2 | O2 | | ë O 
Voc = 45V 
ІОН = -32 mA |__-_______________-____ 











Voo=45V, нЕ тА 
Voo=8V, ОНА 
В port 
ET [з [з [а БИЙ 
Voc = 4.5 У 
И ОЕ ЗОО ав J 


Те ОТ ОО ЕС ПОС Е О 
A port, ТОО [Усс = 4.5 V 
|oL-G4mA | ов |05 


io = 8 тА 08) 04) 065 
тәм | Voo=4°N ETE — 
CLK, DIR, S, | Vcc = 0 to 5.5 V, 

TCK V| = Vcc or GND D 
үс 5.5 V, $ 

AorB ports = Vcc or GND & +20 

OE, TDI, SA 

OE, TDI, e 


ШЕ ки —— 
ера 75 сю -0| _________-- s| 


Voc = 5.5 V, 
Veo aay V, ua = 

















Moke 2.7 V or O.5 V, ОЕ = 0.8 V 


es | ша Е ИИ ПО И 
u pen m МЕ НИ НИЕ ИСИ 
ka a ере E MN РЈ NN RN 

ю Е ОЕ мш БЕКЕТІ 
EN аа Мос 55 V, Vo-25v [-% в -wo| 5 мш % m " 
оправен | vec - 5v — ww. ep el 
foupustow оС | зе [2 zL Z | s 


Outputs VI = Усс or 
disabled _ | GND 
Vcc = 5.5 V, One input at 3.4 V, 
Aico Other inputs at Усс or GND 15 


* On products compliant to MIL-PRF-38535, this parameter does not apply. 

T All typical values are at Vcc = 5 V. 

+ The parameter I\(hold) includes the off-state output leakage current. 

§ Not more than one output should be tested at a time, and the duration of the test should not exceed one second. 

1 This is the increase in supply current for each input that is at the specified TTL voltage level rather than Усс ог GND. 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) (continued) 









[wm тї мах| мм мах | мм ма | 
сб [оштв [йуз | s | os | — 
[cg __|Аогвроа —Vo-2sveasv | 0 J 22 L 
c» mo ^ —]vo-zsveesv | 2s — ] € | + 


t All typical values are at Vcc = 5 V. 














PARAMETER TEST CONDITIONS 


timing requirements over recommended ranges of Supply voltage and operating free-air 
temperature (unless otherwise noted) (normal mode) (see Figure 15) 


flock Clock frequency CLKAB or CLKBA o «100 | 0 100 | MHz | 









есе =" сока шин эд | NEUE CONI 
A before CLKABT or В before CLKBAT а | 3 . мо 
h — A after CLKABT or B after CLKBAT — | 05“ | o5 |б, 


timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (test mode) (see Figure 15) 


(dock Cock irequenoy пок — — — — — — [| s —— s s — s | ме 













ы Puseduraton [remanon —  — L — | ls] 
[A,B СК, я, OE вт | 6 X | 6 

би Seluptine Того | as Z [s 
mser [з [з 
ъв, CLK,DIR, ОЕ asar | sg | 15 — | 
ЕТ ë [ 3$ ë fre | 

а Deayime |Рәнегрют«” — — — | s — [s Jj 

e Fisetime Моне | r PL Ci 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (normal mode) (see Figure 15) 


Усс<5У, 
FROM то SN54ABTH182646A | SN74ABTH182646A | 
PARAMETER (INPUT) (OUTPUT) DA 
Түр MAR ET 
CLKAB or 
CLKBA 


= = зэв әре ы) ы 
15 


62 
= 
=; За — 
55 


5 3. 
15 44 69] 15 А7 76 1.5 7.2 
74| 155) 83 1.5 7.8 
15 38 56 r1 6.8 1.5 6.6 
uw ЕКТІК: за s а 
з зэ [a s 
BorA 
[ 15 4 os| 15 . 77 | 15 72 
15 42 67| 15 8.1 1.5 74 
BorA 
[ 15 43 eof 15 84 | 15 78 
2-59 | 2 w| 2 v 
2 2 ; 





switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (test mode) (see Figure 15) 


Tas 25°C == 
d SN54ABTH182646A | SN74ABTH182646A 
PARAMETER FROM T A 25°C 
(INPUT) (OUTPUT) 


вт Сава таа 
== теку AorB 
tPHL 2.5 6.5 

2 ss ы 2 |2 ве 
PLH TCKL TDO = 
{PHL 37 51 


714 115 У 
PZH тск} AorB 
tPZL : : 


№ 


~ | + 


tPZH 





PRODUCT PREVIEW Information concerns products In the formative or 
ied phase of development. Characteristic data and other 


sectors ara design goals, Tazas та re eight o Ai TEXAS 
INSTRUMENTS 


POST OFFICE BOX 655303 9 DALLAS, TEXAS 75265 5-107 


SN54ABTH18646A, SN54ABTH182646A, SN74ABTH18646A, SN74ABTH182646A 


SCAN TEST DEVICES WITH 
18-BIT TRANSCEIVERS AND REGISTERS 


SCBS166D - AUGUST 1993 - REVISED JULY 1996 


PARAMETER MEASUREMENT INFORMATION 


б КА ДЕ 
° 
From Output Opon 
Under Test GND 





CL = 50 pF 
(see Note A) 


LOAD CIRCUIT 


VENERE 


------------ 
Timing Input 1.5V 
== оу 


tPLH/tPHL 


tPLZ/tPZL 
tPHZ/tPZH 





зу 


| 
| | 3v | | 3V 
Input 15V 1.5 У | | 
Data Input 1.5 У 
ov OV 
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS 
PULSE DURATION SETUP AND HOLD TIMES 
3V зү 
Input 1.5V а (15V (15V 
| | 0v | | 0v 
tPLH -— | іні. ARM ys Ж 
PL P 
| d» | Se Wo ТАҚ; е Бг ұр 3.5V 
aveform 
Output | 15v | м 15V ema | ХУ | Ха козу 
| VoL (see Note B) | "cm 
| i | Арн > (€ 
рн. —6— 4—01 ын тн [Є 
| | V Output | Det. " 
15V 15V OH Waveform 2 15V Мон -0.3 V ОН 
Output У : 61 at Open у 
——— VoL (see Note B) eov 
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES ENABLE AND DISABLE TIMES 


INVERTING AND NONINVERTING OUTPUTS LOW- AND HIGH-LEVEL ENABLING 
NOTES: A. Cy includes probe and jig capacitance. 
B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 
C. All input pulses are supplied by generators having the following characteristics: PRR < 10 MHz, Zo = 50 О, tr 2.5 ns, { < 2.5 ns. 
D. The outputs are measured опе а! a time with one transition per measurement. 


Figure 15. Load Circuit and Voltage Waveforms 
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@ Members of the Texas Instruments € One Boundary-Scan Cell Per /О 

SCOPE™ Family of Testability Products Architecture Improves Scan Efficiency 
€ Members of the Texas Instruments е SCOPE тн Instruction Set 

Widebus'" Family — |EEE Standard 1149.1-1990 Required 
€ Compatible With the IEEE Standard Instructions and Optional CLAMP and 

1149.1-1990 (JTAG) Test Access Port and HIGHZ 

Boundary-Scan Architecture — Parallel-Signature Analysis at Inputs 


е Include D-Type Flip-Flops and Control — Pseudo-Random Pattern Generation 


From Outputs 
Circuitry to Provide Multiplexed 
Transmission of Stored and Real-Time Data сш ылы тары 
ө Bus Hold on Data Inputs Eliminates the - Device Identification 
Need for External Pullup Resistors - Even-Parity Opcodes 
9 В-Роп Outputs of 'ABTH182652A Devices @ Packaged in 64-Pin Plastic Thin Quad Flat 
Have Equivalent 25-Q Series Resistors, So (PM) Packages Using 0.5-mm 
No External Resistors Are Required Center-to-Center Spacings and 68-Pin 
© State-of-the-Art EPIC-IIB ™ BICMOS Design Ceramic Quad Flat (HV) Packages Using 


25-mil Center-to-Center Spacings 


SN54ABTH18652A, SN54ABTH182652A ... HV PACKAGE 
(TOP VIEW) 








= С LIC == 
"29o0omo оож<х<жхопеоео 
з= 929 2965554928 
A ~“ ~ Ш 538295852586 
О g a aN О 
O O Су 
р : N N 
NC - No internal connection 
SCOPE, Widebus, and EPIC-IIB are trademarks of Texas Instruments Incorporated. 
UNLESS OTHERWISE NOTED this сетне а Produ PRODUCTION Copyright © 1996, Texas Instruments Incorporated 
о ion current as of publication date. Products Sard wearer to 
specifications per the terms of Texas Instruments s waranty, «X» Ti тъ а pecie 00 T ober и под ен 
Production processing does not necessarily include testing of all EXAS processing does not necessarily Include testing of all parameters. 
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. PM PACKAGE 


SN74ABTH18652A, SN74ABTH182652A . . 





description 


The 'ABTH18652A and 'ABTH182652A scan test devices with 18-bit bus transceivers and registers are 
members of the Texas Instruments SCOPE"" testability integrated-circuit family. This family of devices supports 
IEEE Standard 1149.1-1990 boundary scan to facilitate testing of complex circuit-board assemblies. Scan 
access to the test circuitry is accomplished via the 4-wire test access port (TAP) interface. 


In the normal mode, these devices are 18-bit bus transceivers and registers that allow for multiplexed 
transmission of data directly from the input bus or from the internal registers. They can be used either as two 
9-bit transceivers or one 18-bit transceiver. The test circuitry can be activated by the TAP to take snapshot 
samples of the data appearing at the device pins or to perform a self test on the boundary-test cells. Activating 
the TAP in the normal mode does not affect the functional operation of the SCOPE™ bus transceivers and 
registers. 


Data flow in each direction is controlled by clock (CLKAB and CLKBA), select (SAB and SBA), and 
output-enable (OEAB and OEBA) inputs. For A-to-B data flow, data on the A bus is clocked into the associated 
registers on the low-to-high transition of CLKAB. When SAB is low, real-time A data is selected for presentation 
to the B bus (transparent mode). When SAB is high, stored A data is selected for presentation to the B bus 
(registered mode). When OEAB is high, the B outputs are active. When OEAB is low, the B outputs are in the 
high-impedance state. Control for B-to-A data flow is similar to that for A-to-B data flow, but uses CLKBA, SBA, 
and OEBA inputs. Since the OEBA input is active-low, the A outputs are active when OEBA is low and are in 
the high-impedance state when OEBA is high. Figure 1 illustrates the four fundamental bus-management 
functions that are performed with the 'ABTH18652A and "АВТН182652А. 
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description (continued) 
In the test mode, the normal operation of the SCOPE™ bus transceivers and registers is inhibited, and the test 


circuitry is enabled to observe and control the I/O boundary of the device. When enabled, the test circuitry 
performs boundary-scan test operations according to the protocol described in IEEE Standard 1149.1-1990. 


Four dedicated test pins observe and control the operation of the test circuitry: test data input (TDI), test data 
output (TDO), test mode select (TMS), and test clock (TCK). Additionally, the test circuitry performs other testing 
functions such as parallel-signature analysis (PSA) on data inputs and pseudo-random pattern generation 
(PRPG) from data outputs. All testing and scan operations are synchronized to the TAP interface. 


Improved scan efficiency is accomplished through the adoption of a one boundary-scan cell (BSC) per I/O pin 
architecture. This architecture is implemented in such a way as to capture the most pertinent test data. A 
PSA/COUNT instruction is also included to ease the testing of memories and other circuits where a binary count 
addressing scheme is useful. 


Active bus-hold circuitry holds unused or floating data inputs at a valid logic level. 


The B-port outputs of 'ABTH1826524, which are designed to source or sink up to 12 mA, include 25-0 series 
resistors to reduce overshoot and undershoot. 


The SN54ABTH18652A and SN54ABTH182652A are characterized for operation over the full military 
temperature range of —55°C to 125°C. The SN74ABTH18652A and SN74ABTH182652A are characterized for 
operation from —40°С to 85°C. 


FUNCTION TABLE 
(normal mode, each 9-bit section) 


INPUTS DATA /О 
---- OPERATION OR FUNCTION 
OEAB OEBA СІКАВ CLKBA SAB SBA А1-А9 В1-В9 
X 


L L Input disabled Input disabled Isolation 
Input Input Store A and B data 
Input Unspecifiedt Store A, hold B 
Input Output Store A in both registers 
Unspecifiedt Input Hold A, store B 
Output Input Store B in both registers 
Output Input Real-time B data to A bus 
Output Input Stored B data to A bus 
Input Output Real-time A data to B bus 
Input Output Stored A data to B bus 


Stored A data to B bus and 
stored B data to A bus 


t The data-output functions can be enabled or disabled by a variety of level combinations at OEAB or OEBA. Data-input functions are always 
enabled; і.ө., data at the bus pins is stored on every low-to-high transition on the clock inputs. 

+ Select control = L: clocks can occur simultaneously. 
Select control « H: clocks must be staggered to load both registers. 


- 


x ххххог >> > 
x x x x > ог > 


L 
X 
H 
L 
L 
L 
L 
H 
H 
H 


х 


Output Output 
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OEAB OEBA CLKAB CLKBA SAB  SBA 
L L X X X L 


REAL-TIME TRANSFER 
BUS B TO BUSA 


BUS B 


— h 
OEAB OEBA CLKAB CLKBA ЗАВ SBA 
x H t X X X 
L X X T X X 
L H T T X X 
STORAGE FROM 


A, B, ORAANDB 





OEAB OEBA CLKAB CLKBA SAB  SBA 
H H X X L X 


REAL-TIME TRANSFER 
BUS A TO BUS B 


BUS В 


ОЕАВ ОЕВА CLKAB CLKBA ЗАВ SBA 
H L X `x H H: 
TRANSFER STORED DATA 
TO A AND/OR B 


Figure 1. Bus-Management Functions 
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functional block diagram 


1CLKBA 
1SBA 
1CLKAB 
1SAB 


20EAB 22 


cc 
20EBA -21 
2CLKBA -27 
25ВА 
2CLKAB -23 


2SAB -22 





p 
i 
Е Register 
Identification 
Reglster 
Усс 
Inst 


` 58 
24 ` ruction B b. TDO 
TDI Register 
Vcc 
TCK 26 > Controller 


Pin numbers shown are for the PM package. 
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Terminal Functions 


TERMINAL NAME DESCRIPTION 


1А1-1А9, 
2А1--2А9 


Mos Normal-function B-bus I/O ports. See function table for normal-mode logic. 
1CLKAB, 1CLKBA, я | я ; 
2CLKAB, 2CLKBA Normal-function clock inputs. See function table for normal-mode logic. 


Normal-function active-high output enables. See function table for normal-mode logic. An internal pulldown at each 
1ОЕАВ, 20ЕАВ ; Е : Е 
terminal forces the terminal to a high level if left unconnected. 








Normal-function A-bus /О ports. See function table for normal-mode logic. 




















Normal-function active-low output enables. See function table for normal-mode logic. An internal pullup at each terminal 


ТОЕВА, ОЕВА forces the terminal to a high level if left unconnected. 





1SAB, 1SBA, Е ; Е 
2SAB, 2SBA Normal-function select controls. See function table for normal-mode logic. 


Test clock. One of four terminals required by IEEE Standard 1149.1-1990. Test operations of the device are synchronous 





to TCK. Data is captured on the rising edge of TCK and outputs change on the falling edge of TCK. 


Test data input. One of four terminals required by IEEE Standard 1149.1-1990. TDI is the serial input for shifting data 
through the instruction register or selected data register. An internal pullup forces TDI to a high level if left unconnected. 


Test data output. One of four terminals required by IEEE Standard 1149.1-1990. TDO is the serial output for shifting data 
through the instruction register or selected data register. 


Test mode select. One of four terminals required by IEEE Standard 1149.1-1990. TMS directs the device through its TAP 
controller states. An internal pullup forces TMS to a high level if left unconnected. 


Supply voitage 






DO 


TC 
Т 
| 
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test architecture 


Serial-test information is conveyed by means of a 4-wire test bus or TAP that conforms to IEEE Standard 
1149.1-1990. Test instructions, test data, and test control signals are all passed along this serial-test bus. The 
TAP controller monitors two signals from the test bus, TCK and TMS. The TAP controller extracts the 
synchronization (TCK) and state control (TMS) signals from the test bus and generates the appropriate on-chip 
control signals for the test structures in the device. Figure 2 shows the TAP-controller state diagram. 


The TAP controller is fully synchronous to the TCK signal. Input data is captured on the rising edge of TCK and 
output data changes on the falling edge of TCK. This scheme ensures data to be captured is valid for fully 
one-half of the TCK cycle. 


The functional block diagram shows the IEEE Standard 1149.1-1990 4-wire test bus and boundary-scan 
architecture and the relationship among the test bus, the TAP controller, andthe test registers. As shown, the 
device contains an 8-bit instruction register and four test-data registers: a 48-bit boundary-scan register, a 3-bit 
boundary-control register, a 1-bit bypass register, and a 32-bit device-identification register. 


Test-Logic-Reset 






TMS = Н 















Select-DR-Scan 


Capture-DR 7 
Pause-DR í 


Run-Test/idle 


Select-IR-Scan 


TMS = L 


Capture-IR 


TMSzL 







Figure 2. TAP-Controller State Diagram 
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state diagram description 


The TAP controller is a synchronous finite state machine that provides test control signals throughout the device. 
The state diagram shown in Figure 2 is in accordance with IEEE Standard 1149.1-1990. The TAP controller 
proceeds through its states based on the level of TMS at the rising edge of TCK. 


As shown, the TAP controller consists of 16 states. There are six stable states (indicated by a looping arrow in 
the state diagram) and ten unstable states. A stable state is a state the TAP controller can retain for consecutive 
TCK cycles. Any state that does not meet this criterion is an unstable state. 


There are two main paths through the state diagram: one to access and control the selected data register and 
one to access and control the instruction register. Only one register can be accessed at a time. 


Test-Logic-Reset 


The device powers up in the Test-Logic-Reset state. In the stable Test-Logic-Reset state, the test logic is reset 
and is disabled so that the normal logic function of the device is performed. The instruction register is reset to 
an opcode that selects the optional IDCODE instruction, if supported, or the BYPASS instruction. Certain data 
registers also can be reset to their power-up values. 


The state machine is constructed such that the TAP controller returns to the Test-Logic-Reset state in no more 
than five TCK cycles if TMS is left high. The TMS pin has an internal pullup resistor that forces it high if left 
unconnected or if a board defect causes it to be open circuited. 


For the ’ABTH18652A and 'АВТН182652А, the instruction register is reset to the binary value 10000001, which 
selects the IDCODE instruction. Bits 47—46 in the boundary-scan register are reset to logic 0 while bits 45-44 
are reset to logic 1, ensuring that these cells, which control A-port and B-port outputs, are set to benign 
values (i.e., if test mode were invoked, the outputs would be at high-impedance state). Reset values of other 
bits in the boundary-scan register should be considered indeterminate. The boundary-control register is reset 
to the binary value 010, which selects the PSA test operation. 


Run-Test/ldle 


The TAP controller must pass through the Run-Test/Idle state (from Test-Logic-Reset) before executing any test 
operations. The Нип-ТезіЛ е state also can be entered following data-register or instruction-register scans. 
Run-Test/ldle is a stable state in which the test logic can be actively running a test or can be idle. The test 
operations selected by the boundary-control register are performed while the TAP controller is in the 
Run-Test/Idle state. 


Select-DR-Scan, Select-IR-Scan 


No specific function is performed in the Select-DR-Scan and Select-IR-Scan states, and the TAP controller exits 
either of these states on the next TCK cycle. These states allow the selection of either data-register scan or 
instruction-register scan. 


Capture-DR 


When a data-register scan is selected, the TAP controller must pass through the Capture-DR state. In the 
Capture-DR state, the selected data register can capture a data value as specified by the current instruction. 
Such capture operations occur on the rising edge of TCK, upon which the TAP controller exits the Capture-DR 
state. 


Shift-DR 


Upon entry to the Shift-DR state, the data register is placed in the scan path between TDI and TDO, and on the 
first falling edge of TCK, TDO goes from the high-impedance state to an active state. TDO enables to the logic 
level present in the least-significant bit of the selected data register. 
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Shift-DR (continued) 


While in the stable Shift-DR state, data is serially shifted through the selected data register on each TCK cycle. 
The first shift occurs on the first rising edge of TCK after entry to the Shift-DR state (i.e., no shifting occurs during 
the TCK cycle in which the TAP controller changes from Capture-DR to Shift-DR or from Exit2-DR to Shift-DR). 
The last shift occurs on the rising edge of TCK, upon which the TAP controller exits the Shift-DR state. 


Exit1-DR, Exit2-DR 


The Exit1-DR and Exit2-DR states are temporary states that end a data-register scan. It is possible to return 
to the Shift-DR state from either Exit1-DR or Exit2-DR without recapturing the data register. On the first falling 
edge of ТСК after entry to Exit1-DR, ТОО goes from the active state to the high-impedance state. 


Pause-DR 


No specific function is performed in the stable Pause-DR state, in which the TAP controller can remain 
indefinitely. The Pause-DR state suspends and resumes data-register scan operations without loss of data. 


Update-DR 


If the current instruction calls for the selected data register to be updated with current data, such update occurs 
on the falling edge of TCK following entry to the Update-DR state. 


Capture-IR 


When ап instruction-register scan is selected, the TAP controller must pass through the Capture-IR state. In 
the Capture-IR state, the instruction register captures its current status value. This capture operation occurs 
on the rising edge of TCK, upon which the TAP controller exits the Capture-IR state. For the 'ABTH18652A and 
'ABTH182652A, the status value loaded in the Capture-IR state is the fixed binary value 10000001. 


Shift-IR 


Upon entry to the Shift-IR state, the instruction register is placed in the scan path between TDI and TDO, and 
on the first falling edge of TCK, TDO goes from the high-impedance state to an active state. TDO enables to 
the logic level present in the least-significant bit of the instruction register. 


While in the stable Shift-IR state, instruction data is serially shifted through the instruction register on each TCK 
cycle. The first shift occurs on the first rising edge of TCK after entry to the Shift-IR state (i.e., no shifting occurs 
during the TCK cycle in which the TAP controller changes from Capture-IR to Shift-IR or from Exit2-IR to 
Shift-IR). The last shift occurs on the rising edge of TCK, upon which the TAP controller exits the Shift-IR state. 


Exit1-IR, Exit2-IR 


The Exit1-IR and Exit2-IR states are temporary states that end an instruction-register scan. It is possible to 
return to the Shift-IR state from either Exit1-IR or Exit2-IR without recapturing the instruction register. On the 
first falling edge of TCK after entry to Exiti-IR, TDO goes from the active state to the high-impedance state. 


Pause-IR 


No specific function is performed in the stable Pause-IR state, in which the TAP controller can remain 
indefinitely. The Pause-IR state suspends and resumes instruction-register scan operations without loss of 
data. 


Update-IR 


The current instruction is updated and takes effect on the falling edge of TCK, following entry to the Update-IR 
state. 
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register overview 


With the exception of the bypass and device-identification registers, any test register can be thought of as a 
serial-shift register with a shadow latch on each bit. The bypass and device-identification registers differ in that 
they contain only a shift register. During the appropriate capture state (Capture-IR for instruction register, 
Capture-DR for data registers), the shift register can be parallel loaded from a source specified by the current 
instruction. During the appropriate shift state (Shift-IR or Shift-DR), the contents of the shift register are shifted 
out from TDO while new contents are shifted in at TDI. During the appropriate update state (Update-IR or 
Update-DR), the shadow latches are updated from the shift register. 


instruction register description 


The instruction register (IR) is eight bits long and tells the device what instruction is to be executed. Information 
contained inthe instruction includes the mode of operation (either normal mode, in which the device performs 
its normal logic function, or test mode, in which the normal togic function is inhibited or altered), the test operation 


_ to be performed, which of the four data registers is to be selected for inclusion in the scan path during 


data-register scans, and the source of data to be captured into the selected data register during Capture-DR. 


Table З lists the instructions supported by the 'ABTH18652A and 'АВТН182652А. The even-parity feature 


specified for SCOPE™ devices is supported in this device. Bit 7 of the instruction opcode is the parity bit. Any 
instructions that are defined for SCOPE™ devices but are not supported by this device default to BYPASS. 


During Capture-IR, the IR captures the binary value 10000001. As an instruction is shifted in, this value is shifted 
out via ТОО and can be inspected to verify that the IR is in the scan path. During Update-IR, the value that has 
been shifted into the IR is loaded into shadow latches. At this time, the current instruction is updated and any 
specified mode change takes effect. At power up or in the Test-Logic-Reset state, the IR is reset to the binary 
value 10000001, which selects the IDCODE instruction. The IR order of scan is shown in Figure 3. 


Bit 7 
M Parity | | вно 
(MSB) (LSB) 


Figure 3. Instruction Register Order of Scan 


BA I Ba RSET TT а 
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data register description 


boundary-scan register 


The boundary-scan register (BSR) is 48 bits long. it contains one boundary-scan cell (BSC) for each 
normal-function input pin and one BSC for each normal-function I/O pin (one single cell for both input data and 
output data). The BSR is used 1) to store test data that is to be applied externally to the device output pins, 
and/or 2) to capture data that appears internally at the outputs of the normal on-chip logic and/or externally at 
the device input pins. 


The source of data to be captured into the BSR during Capture-DR is determined by the current instruction. The 
contents of the BSR can change during Run-Test/ldle as determined by the current instruction. At power up or 
in Test-Logic-Reset, BSCs 47 —46 are reset to logic 0, while BSCs 45-44 are reset to logic 1, ensuring that these 
cells, which control A-port and B-port outputs, are set to benign values (i.e., if test mode were invoked, the 
outputs would be at high-impedance state). Reset values of other BSCs should be considered indeterminate. 


The BSR order of scan is from TDI through bits 47—0 to TDO. Table 1 shows the BSR bits and their associated 
device pin signals. 


Table 1. Boundary-Scan Register Configuration 


BSR BIT DEVICE BSR BIT DEVICE BSR BIT DEVICE 
NUMBER SIGNAL | NUMBER SIGNAL NUMBER SIGNAL 
ов | 35 | so 28010 
2В8-/О 


287-/0 
2В6-/О 
285-/0 
284-/0 


2АЗ-/О 2В3-/О 
28210 





28110 
18910 
18810 
18740 


18610 
18910 — 
18410 
18310 
18210 


1А1-/О 1В1-/О 
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boundary-control register 


The boundary-control register (BCR) is three bits long. The BCR is used in the context of the boundary-run test 
(RUNT) instruction to implement additional test operations not included in the basic SCOPE"" instruction set. 
Such operations include PRPG, PSA, and binary count up (COUNT). Table 4 shows the test operations that 
are decoded by the BCR. 


During Capture-DR, the contents of the BCR are not changed. At power up or in Test-Logic-Reset, the BCR is 
reset to the binary value 010, which selects the PSA test operation. The BCR order of scan is shown in 
Figure 4. 


TDO 





Figure 4. Boundary-Control Register Order of Scan 


bypass register 


The bypass register is a 1-bit scan path that can be selected to shorten the length of the system scan path, 
reducing the number of bits per test pattern that must be applied to complete a test operation. During 


Capture-DR, the bypass register captures a logic 0. The bypass register order of scan is shown in 
Figure 5. | 


TDI TDO 


Figure 5. Bypass Register Order of Scan 
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device-identification register 


The device-identification register (IDR) is 32 bits long. It can be selected and read to identify the manufacturer, 
part number, and version of this device. 


For the 'АВТН18652А , the binary value 00000000000000101010000000101111 (0002A02F, hex) is captured 
(during Capture-DR state) in the IDR to identify this device as Texas Instruments SN54/74ABTH18652A. 


For the 'АВТН182652А , the binary value 00000000000000101110000000101111 (0002Е02Е, hex) is captured 
(during Capture-DR state) in the IDR to identify this device as Texas Instruments SN54/74ABTH182652A. 


The IDR order of scan is from TDI through bits 31—0 to TDO. Table 2 shows the IDR bits and their significance. 


Table 2. Device-Identification Register Configuration 


IDR BIT IDENTIFICATION IDR BIT IDENTIFICATION IDR BIT IDENTIFICATION 
NUMBER SIGNIFICANCE NUMBER SIGNIFICANCE NUMBER SIGNIFICANCE 















[ s | versions | я | РААТМОМВЕНВ | мо | MANUFACTURERIOT_| 
Го | мезо — | 2s | _PARTNUMBERT4 | 10 | МАМОРАСТОНЕНОВ | 
[о [versions — | 25 | PARTNUMBER | © | мамоРАСТОНЕВОВ | 
[28 | мою — | м | РАТМОМВЕН? | 8 | МАМОРАСТОВЕНО | 
| оз | muweenn | 7 | МАМОРАСТОВЕНОВ | 
x — | = [= | Panumo | 6 | MANUFACTURER | 
= [я __|__вантиимаваое | 8 | MANUFACTUREROAT_| 


ЕЕ = [о | Paumen | 4 | MANUFACTUREROST_| 
= [| рим | 3 | мАМОРАСТОНЕНОФ | 
= [в | Panom | 2 | мАМОРАСТОНЕВОТ | 
x — | = | r | Pamuwsgs | i | МАМОРАСТОНЕНОО | 
| = [в | раме | 0 | — зо” — 
ра eR [ср  —1 
ПЕ = | = [mamn | — L = Jj 
ee ee F mew ү Г т 
ff [юные |] S [| — —— 


t Note that for TI products, bits 11-0 of the device-identification register always contain the binary value 000000101111 
(02F, hex). 
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instruction-register opcode description 


The instruction-register opcodes are shown in Table 3. The following descriptions detail the operation of each 
instruction. 


Table 3. Instruction-Register Opcodes 


BINARY СОРЕТ 
BIT 7 > ВТО SCOPE OPCODE DESCRIPTION ВЕГЕСТЕВ DATA 
REGISTER 
MSB — LSB 


[соо | ве | — Вразют [Ваз | Noma | 
[оно | пом | Boundaryread | Boundary soan | Normal — 
[ но | сыт — | Boundary settet — | Вошйаузап | Мота | 


t Bit 7 is used to maintain even parity in the 8-bit instruction. 
t The BYPASS instruction is executed in lieu of a SCOPE™ instruction that is not supported in the 'АВТН18652А or 'ABTH182652A. 


















boundary scan 


This instruction conforms to the IEEE Standard 1149.1-1990 EXTEST instruction. The BSR is selected in the 
scan path. Data appearing at the device input and I/O pins is captured in the associated BSCs. Data that has 
been scanned into the I/O BSCs for pins in the output mode is applied to the device I/O pins. Data present at 
the device pins, except for output enables, is passed through the BSCs to the normal on-chip logic. For I/O pins, 
the operation of a pin as input or output is determined by the contents of the output-enable BSCs (bits 47-44 
of the BSR). When a given output enable is active (logic 0 for OEBA, logic 1 for OEAB), the associated I/O pins 
operate in the output mode. Otherwise, the I/O pins operate in the input mode. The device operates in the test 
mode. 





Identification read 


This instruction conforms to the IEEE Standard 1149.1-1990 IDCODE instruction. The IDR is selected in the 
scan path. The device operates in the normal mode. 


sample boundary 


This instruction conforms to the IEEE Standard 1149.1-1990 SAMPLE/PRELOAD instruction. The BSR is 
selected in the scan path. Data appearing at the device input pins and I/O pins in the input mode is captured 
inthe associated BSCs, while data appearing at the outputs of the normal on-chip logic is captured in the BSCs 
associated with I/O pins in the output mode. The device operates in the normal mode. 
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bypass scan 


This instruction conforms to the IEEE Standard 1149.1-1990 BYPASS instruction. The bypass register is 
selected in the scan path. A logic 0 value is captured in the bypass register during Capture-DR. The device 
operates in the normal mode. 


control boundary to high impedance 


This instruction conforms to the IEEE Standard 1149.1a-1993 HIGHZ instruction. The bypass register is 
selected in the scan path. A logic 0 value is captured in the bypass register during Capture-DR. The device 
operates in a modified test mode in which all device I/O pins are placed in the high-impedance state, the device 
input pins remain operational, and the normal on-chip logic function is performed. 


control boundary to 1/0 


This instruction conforms to the IEEE Standard 1149.1a-1993 CLAMP instruction. The bypass register is 
selected in the scan path. A logic 0 value is captured in the bypass register during Capture-DR. Data in the I/O 
BSOs for pins in the output mode is applied to the device ИО pins. The device operates in the test mode. 


boundary-run test 


The bypass register is selected in the scan path. A logic 0 value is captured in the bypass register during 
Capture-DR. The device operates in the test mode. The test operation specified in the BCR is executed during 
Run-Test/Idle. The five test operations decoded by the BCR are: sample inputs/toggle outputs (TOPSIP), 
PRPG, PSA, simultaneous PSA and PRPG (PSA/PRPG), and simultaneous PSA and binary count up 
(PSA/COUNT). 


boundary read 
The BSR is selected in the scan path. The value in the BSR remains unchanged during Capture-DR. This 
instruction is useful for inspecting data after a PSA operation. 

boundary self test 


The BSR is selected in the scan path. All BSCs capture the inverse of their current values during Capture-DR. 
In this way, the contents of the shadow latches can be read out to verify the integrity of both shift-register and 
shadow-latch elements of the BSR. The device operates in the normal mode. 


boundary toggle outputs 


The bypass register is selected in the scan path. A logic O value is captured in the bypass register during 
Capture-DR. Data in the shift-register elements of the selected output-mode BSCs is toggled on each rising 
edge of ТСК іп Run-Test/Idle, updated in the shadow latches, and applied to the associated device ИО pins on 
each falling edge of TCK in Run-Test/Idle. Data in the input-mode BSCs remains constant. Data appearing at 
the device input or I/O pins is not captured in the input-mode BSCs. The device operates in the test mode. 


boundary-control-register scan 


The BCR is selected in the scan path. The value in the BCR remains unchanged during Capture-DR. This 
operation must be performed before a RUNT operation to specify which test operation is to be executed. 
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boundary-control! register opcode description 


The BCR opcodes are decoded from BCR bits 2-0 as shown in Table 4. The selected test operation is 
performed while the RUNT instruction is executed in the Run-Test/Idle state. The following descriptions detail 
the operation of each BCR instruction and illustrate the associated PSA and PRPG algorithms. 


Table 4. Boundary-Control Register Opcodes 


BINARY CODE 
BIT 2 > BIT 0 DESCRIPTION 
MSB > LSB 
Sample inputs/toggle outputs (TOPSIP) 
Pseudo-random pattern generation/36-bit mode (PRPG) 
Parallel-signature analysis/36-bit mode (PSA) 
Simultaneous PSA and PRPG/18-bit mode (PSA/PRPG) 


Simultaneous PSA and binary count up/18-bit mode (PSA/COUNT) 














While the control input BSCs (bits 47-36) are not included in the toggle, PSA, PRPG, or COUNT algorithms, 
the output-enable BSCs (bits 47-44 of the BSR) control the drive state (active or high impedance) of the 
selected device output pins. These BCR instructions are valid only when both bytes of the device are operating 
in one direction of data flow (that is, 1OEAB = 1OEBA and 2ОЕАВ = 2ОЕВА) and in the same direction of data 
flow (that is, 1OEAB = 2ОЕАВ and 1OEBA = 2OEBA). Otherwise, the bypass instruction is operated. 


sample inputs/toggle outputs (TOPSIP) 
Data appearing at the selected device input-mode I/O pins is captured in the shift-register elements of the 
associated BSCs on each rising edge of TCK. Data in the shift-register elements of the selected output-mode 
BSCs is toggled on each rising edge of TCK, updated in the shadow latches, and applied to the associated 
device I/O pins on each falling edge of ТСК. 
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pseudo-random pattern generation (PRPG) 
A pseudo-random pattern is generated in the shift-register elements of the selected BSCs on each rising edge 
of TCK, updated in the shadow latches, and applied to the associated device output-mode I/O pins on each 
falling edge of TCK. Figures 6 and 7 illustrate the 36-bit linear-feedback shift-register algorithms through which 
the patterns are generated. An initial seed value should be scanned into the BSR before performing this 
operation. A seed value of all zeroes does not produce additional patterns. 


2A9-/O 2А8-/О 2А7-/0 2А6-/0 2А5-/0 2А4-/0 2АЗИО 2A2-/O 2А1-/О 


1А9-/О  1A8-/O 1А7-/0 1А6-/О 1ҮА5-/0 | 1A4-//O  1A3-I/O  1A2-I/O 1A1-I/0 





S | J> 1B9-/O  1B8-/O 1В7-/0 186-/0  1B5-/O 184/0 1B3-1/O 182-/0 181-/0 
Figure 6. 36-ВИ PRPG Configuration (1OEAB = 2ОЕАВ = 1, ТОЕВА = 2ОЕВА = 1) 
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2B9-/O  2B8-/O  2B7-/O  2B6-/O  2B5-/O 284-00  2B3-/O  2B2-/O 2В1-/О 





2A2-/O 2А1-/0 





2A9-/O 2А8-/О 2А7-/0 2А6-/0 2А5-/0 244/0 243-/0 


© | J > 1А9-0  1A8-/O  1A7-/O 1А6-/0 1А5-/0 1А4-/0 143-10 142-/0 1А1-/О 
Figure 7. 36-Bit PRPG Configuration (1OEAB = 20ЕАВ = 0, ТОЕВА = 20EBA = 0) 
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parallel-signature analysis (PSA) 
Data appearing at the selected device input-mode І/О pins is compressed into a 36-bit parallel signature in the 
shift-register elements of the selected BSCs on each rising edge of TCK. Data in the shadow latches of the 
selected output-mode BSCs remains constant and is applied to the associated device I/O pins. Figures 8 and 9 
illustrate the 36-bit linear-feedback shift-register algorithms through which the signature is generated. An initial 
seed value should be scanned into the BSR before performing this operation. 





2A9-/O 2А8-/0 2А7-/0 2А6-/О  2A5-/O 2А4-/О 2АЗ-/О 2А2-/0 2А1-/О 
1А9-/0 1А8-/О 1А7-/0 1ҮА6-/О  1A5-/O 1А4/0  1A9-/O  1A2-/O 1Ү1-/О 


2B9-/O  2B8-/O  2B7-/O  2B6-/O  2B5-/O  2B4-/O  2B3-/O  2B2-/O 2В1-/О 











1B9-/O 1В8-/0  1B7-l/O  1B6-/O  1B5-/O 1В4-/0  1B3-/O  1B2-/O 1В1-/О 


Figure 8. 36-Bit PSA Configuration (1OEAB = 2ОЕАВ = 1, ТОЕВА = 20EBA = 1) 
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2В9-/0 2В8-/0 2В7-/0  2B6-/O  2B5-/O 28400 283-/0 282-/0 281-/0 _ 





e- J > 1A9-lO 1A8-O 1A7-VO 1А6-/0  1A5-UO 1А4/0 1АЗМЮ 1А2-/0  1A1-l/O 





Figure 9. 36-Bit PSA Configuration (1ОЕАВ = 2ОЕАВ = 0, 10EBA = 20ЕВА = 0) 
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simultaneous PSA and PRPG (PSA/PRPG) 


Data appearing at the selected device input-mode I/O pins is compressed into an 18-bit parallel signature in 
the shift-register elements of the selected input-mode BSCs on each rising edge of TCK. At the same time, an 
18-bit pseudo-random pattern is generated in the shift-register elements of the selected output-mode BSCs on 
each rising edge of TCK, updated in the shadow latches, and applied to the associated device I/O pins on each 
falling edge of TCK. Figures 10 and 11 illustrate the 18-bit linear-feedback shift-register algorithms through 
which the signature and patterns are generated. An initial seed value should be scanned into the BSR before 
performing this operation. A seed value of all zeroes does not produce additional patterns. 


2A9-/O  2A8-/O 2А7-/О  2A6-/O  2A5-/O 2A4-110  2A3-/O  2A2-/O 2А1-/О 


1A9-/O  1A8-/O  1A7-/O  1A6-/O 1А5-/0  1A4-/O 1АЗ-/О  1A2-/O 1A1-I/0 


2B9-/O 2В8-/0 2В7-/0 286-/0 285-/0 284-00  2B3-/O] 2B2-/O 281-/0 





Figure 10. 18-Bit PSA/PRPG Configuration (1OEAB = 20EAB = 1, 1OEBA = 2ОЕВА = 1) 
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2B9-/O  2B8-/O 287-/0 286-/0  2B5-/O 284/0  2B3-/O  2B2-/O 281-/0 





C o 1А9-/0 . 1A8-/O 1А7-/О 1А6-/0 | 1A5-/O  1A4-/O  1A3-l/O  1A2-O  1A1-I/O 


Figure 11. 18-Bit PSA/PRPG Configuration (10EAB = 20EAB = 0, ТОЕВА = 20EBA = 0) 
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simultaneous PSA and binary count up (PSA/COUNT) 


Data appearing at the selected device input-mode ИО pins is compressed into an 18-bit parallel! signature in 
the shift-register elements of the selected при!-тоде BSCs on each rising edge of TCK. At the same time, an 
18-bit binary count-up pattern is generated in the shift-register elements of the selected output-mode BSCs on 
each rising edge of TCK, updated in the shadow latches, and applied to the associated device I/O pins on each 
falling edge of TCK. Figures 12 and 13 illustrate the 18-bit linear-feedback shift-register algorithms through 
which the signature is generated. An initial seed value should be scanned into the BSR before performing this 
operation. 


2A9-/O 2А8-/0 2А7-/0  2A6-/O 2А5-/О 2А4-/О 243-/0 242-/0 2А1-/О 


1А9-/О 1А8-/О 1А7-/О 1А6-/О 1А5-/О 1А4/0 1А3-/0 1ҮА2-/0 1А1-/О 





ааа та тада 


2B9-/O  2B8-/O  2B7-/O  2B6-/O  2B5-/O 2В4-/0  2B3-/O  2B2-/O 281-/0 


820 000000006 


= ) > 1В9-/О 1880 1B7-/O  1B6-/O  1B5-/O 1840  1B3-/O 1В2-/0 181-/0 


Figure 12. 18-Bit PSA/COUNT Configuration (1OEAB = 2ОЕАВ = 1, ТОЕВА = 2OEBA = 1) 
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289-/0  2B8-/O 287-/0  2B6-/O 285-/0 284/0  2B3-/O 2В2-/0 2В1-/О 





© 
а Ор ааа а Е 


2А9-/0  2A8-/O  2A7-/O 2А6-/0  2A5-/O 2А400 2А3-/0  2A2-/O  2А1-/0 


Bóng 


Figure 13. 18-Bit PSA/COUNT Configuration (1OEAB = 20EAB = 0, 10EBA = 20EBA = 0) 


О В 1A7-/O 1А6-/О 1А5-/0  1A4-/O 1АЗ-/О 1А2-/0 1А1-/0 
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All test operations of the 'ABTH18652A and 'ABTH1826524A are synchronous to ТСК. Data on the TDI, TMS, 
and normal-function inputs is captured on the rising edge of TCK. Data appears on the TDO and normal-function 
output pins on the falling edge of TCK. The TAP controller is advanced through its states (as shown in Figure 2) 
by changing the value of TMS on the falling edge of TCK and then applying a rising edge to TCK. 


A simple timing example is shown in Figure 14. In this example, the TAP controller begins in the 
Test-Logic-Reset state and is advanced through its states as necessary to perform one instruction-register scan 
and one data-register scan. While in the Shift-IR and Shift-DR states, TDI is used to input serial data, and TDO 
is used to output serial data. The TAP controller is then returned to the Test-Logic-Reset state. Table 5 details 
the operation of the test circuitry during each TCK cycle. 


Table 5. Explanation of Timing Example 


TCK TAP STATE и 
CYCLE(S) | AFTER ТСК БЕЗСРІРТӘН 
. TMS is changed to а logic 0 value on the falling edge of ТСК to begin advancing the TAP controller toward 
Test-Logic-Reset | the desired state. 


шз | —_ t q C C] 
о НОО 
Ванев | C C ss aszsCzIA I ea x x x — 

























Capture-IR The IR captures the 8-bit binary value 10000001 on the rising edge of TCK as the TAP controller exits the 
pure Capture-IR state. 
Shift-IR ТОО becomes active and TDI is made valid on the falling edge of ТСК. The first bit is shifted into the ТАР on |. 
the rising edge of TCK as the TAP controller advances to the next state. 
One bit is shifted into the IR on each TCK rising edge. With TDI held at a logic 1 value, the 8-bit binary value 
7-13 11111111 is serially scanned into the IR. At the same time, the 8-bit binary value 10000001 is serially scanned 
out of the IR via TDO. In TCK cycle 13, TMS is changed to a logic 1 value to end the IR scan on the next TCK 
cycle. The last bit of the instruction is shifted as the TAP controller advances from Shift-IR to Exit1-IR. 
Exit1-IR TDO becomes inactive (goes to the high-impedance state) on the faling edge of TCK. 
Update-IR — | The IR is updated with the new instruction (BYPASS) on the falling edge of TCK. 
о аон 
17 
18 
21 
D 
23 
24 


Capture-DR The bypass register captures a logic 0 value on the rising edge of TCK as the TAP controller exits the 
р Capture-DR state. 
TDO becomes active and TDI is made valid on the falling edge of TCK. The first bit is shifted into the TAP on 
the rising edge of TCK as the TAP controller advances to the next state. 
-20 |  Shit-DR |The binary value 101 is shifted in via TDI, while the binary value 010 is shifted out via TDO. 
Exit1-DR TDO becomes inactive (goes to the high-impedance state) on the falling edge of TCK. 
Update-DR The selected data register is updated with the new data on the falling edge of TCK. 


Бао ООО 
бди ООО 


| 25 | Test-Logic-Reset | Test operation completed 





35 TEXAS 
INSTRUMENTS 


POST OFFICE BOX 655303 € DALLAS, TEXAS 75265 5-133 


SN54ABTH18652A, SN54ABTH182652A, SN74ABTH18652A, SN74ABTH182652A 
SCAN TEST DEVICES WITH 
18-BIT BUS TRANSCEIVERS AND REGISTERS 


SCBS167D – AUGUST 1993 — REVISED JULY 1996 





12 3 4 5 6 7 8 9 10 14 12 13 14 15 16 17 18 19 20 21 22 23 24 25 


I MV NV NM NC N NC NC NZ Nd МДА ЛАА ААА INS 
5950505050505050501 р52%02%0505050%05060 





со | 8 |с | а c с | | с [m с с | жк | Е | Е [$ 
8218$ = :|3|4|9| 8 ааа 
ue |21216 |Е | 3 Е Е Е ||| 
2 е а | + |e xi u s| s š Ф ш | [а | + | 3 
Controller) $ | е | + 5 |ó > 14 | 8 5111518 
зае | 3 Е |° | Š 819 $|$2|4 
$| 1818 8 818 |8 
е i = 


5% 3-State (ТОО) ог Don’t Care (ТО!) 


Figure 14. Timing Example 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 


"Supply voltage range; Мос cc тил ан аваа өза а EE NENG EUER TE YR жа —0.5 Vto 7 V 
Input voltage range, Vi: except I/O ports (see Note 1) .................................. -0.5 Vto 7 V 
VO ports (вее Note 1) 2:22 UCET TEC S rS RR —0.5 V to 5.5 V 

Voltage range applied to any output in the high state or power-off state, Мо .............. -0.5 V to 5.5 V 
Current into any output in the low state, lo: SN54ABTH18652A ................................ 96 mA 
SN54ABTH182652A (A port or ТОО) ................. 96 mA 

SN54ABTH182652A (B port) ........................ 30 mA 

5М74АВТН18652А ............................... 128 mA 

SN74ABTH182652A (А port or ТОО) ................ 128 mA 

SN74ABTH182652A (B рой) ........................ 30 mA 

Input clamp current, He (Vp« D). «oos sesso umgehen er REESE EE ата ам EE IATER E -18 mA 
Output clamp current. Loc (Vo <0) ........................................................ —50 mA 
Maximum package power dissipation at TA = 55°C (in still air) (see Note 2): PM package ........... 1W 
Storage temperature range, Tstg ............................. онен —65°С to 150°C 


T Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1. The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 

2. The maximum package power dissipation is calculated using a junction temperature of 150°C and a board trace length of 75 mils. 
For more information, refer to the Package Thermal Considerations application note in the ABT Advanced BICMOS Technology Data 
Book, literature number SCBD002. 
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recommended operating conditions 


жы ТС War E и, 
aE ы ЕУ S = ETA 
P шешіне” D A v 
ЕТС КИВИ ЫЫ ss БЕ 8 
Cec кет== 1. 
IOL Low-level output current ОА 48| 64] та | 
ЖИТТИ НЕННЕ RF NUNC] БАБЕ 78 
б оо ут == ә 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 


PARAMETER TEST CONDITIONS ТА = 25°C SN54ABTH18652A | SN74ABTH18652A UNIT 
ММ ТҮРЕ МАХ [MN мах 
Ук [№045 ec mA 


Vec=45V, онза | 28. | a | 2 | 
ыза baee uA [e$ — [г о 
усс-45% понесат | 2 f 2+. 













Усс = 4.5 У, IOH=-32 mA 


Мк 
VOH 
loL = 48 mA 
VOL Voc =4.5V ОЕ 
loL = 64 mA 
Voc = 0to 5.5 V, + 
CLK, 8, TCK М = Vcc or GND +1 +1 +1 
Усс = 5.5 V, РА 






ОЕАВ 







ЩЕ ОЕВА, TDI, | Усс = 5.5 V, 
TMS 
| =о|______-о! 
75 500 
Dur 275-180-900 
Voc = 2.1 V to 5.5 V, 
IOZH TDO Vo = 27 V, 


OE = 0.8 V, 


Voc = 2.1 V to 5.5 V, 
Vo = 0.5 V, 
OE = 0.8 V, 


Voc = 0 to 2.1 V, 
МО = 2.7 V or 0.5 V, 
OE =2 V, OE = 0.8 V 


Vcc = 2.1 Vto 0, 
lozPD |TDO Vo = 2.7 V or 0.5 V, +50 +50 ША 
OE = 2 V, OE = 0.8 V 


он _______|Усс=0, — Viorvos4sv | _____=100| р | 

ЕХ | Outputs high [Voo=55V, Мо=55у — | 5) 5) sj w | 

oS — [№с-=55\ Vo-25V -50 -110 -200| __-50 -20| _ -50 -200) mA | 
Outputs high 


22] gel 
4 34 А 
gg [юн ДЕРТКЕ x 
Outputs 
disabled 
Voc = 5.5 V, One input at 3.4 V, 
Мос“ Other inputs at Voc ог GND FS ША 


* On products compliant to MIL-PRF-38535, this parameter does not apply. 

T All typical values are at Voc = 5 V. 

t The parameter I (hold) includes the off-state output leakage current. 

$ Not more than one output should be tested at a time, and the duration of the test should not exceed one second. 

1 This is the increase in supply current for each input that is at the specified TTL voltage level rather than Усс or GND. 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) (continued) 


Ta = 25°C COME 8652A | SN74A Pm cud 8652A | 
PARAMETER TEST CONDITIONS UNIT 


MIN ТҮРІ МАХ 


Control 
— s Vo = 2.5 V or 0.5 V 5 
‚= | VQ = 2.5 V or 0.5 V атыр 


Т All typical values are at Voc = 5 У. 





timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (normal mode) (see Figure 15) 


dock Clock frequency CLKAB or CLKBA 0 die 100 —— -— | 


CLKAB or CLKBA High crow 55% 
Abelore СКАВТ огвъвое КВ | Е | — 3 — — 
pi Rater KART or вагона" | б. | os | 





timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (test mode) (see Figure 15) 


[a Se 
ћи Pause duration томове в | 

A,B, CLK, OEAB,OEBA, See TET | 5 & | 6 | 
шш, Setuptime ое тк — | 385 E L 2 | 




















БИ ИЕ, И БЕ — 
[A,B CLK, OEAB, ERR or SaterTOKT | 16 — | s j] 

80 Hold time БЕ LL 
Е —  — — — s | 

а бате | PoweruptoTcKT —— — НИ ИС [%/ 

A “еле — — ив | 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (normal mode) (see Figure 15) 


FROM TO E TM SN54ABTH18652A | SN74ABTH1B652A | 
ТА = 25°C 
PARAMETER (INPUT) (OUTPUT) A 
ТУР МАХ — = 
CLKAB or 


15 26 47[ 15 52| 15 5| 
a AorB BorA " 
| рш | 1.5 3.2 5 1.5 255.6 1.5 5.4 


ірін _ CLKAB ог Bara 15 31 52 5 /У62| 15 59 
.CLKBA 15 37 55 1542 65] 15 61 
5.6 — и 

PLH SAB or SBA BorA s 
си фт 
15 38 57] 215 7| 15 64) 

BorA 

ірді. в | выл | 58| "16 7] 15 66) 
EE —— 

Ена OEAB or OEBA BorA 
|[.2 4 638. 2 | 2 72 


switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (test mode) (see Figure 15) 


Tae PC  SNS4ABTHI8652A | sN74ABTHI06524 | 
FROM TO КЕЛСІН SN54ABTH18652A | SN74ABTH18652A | 
ТА = 25°C 
PARAMETER (INPUT) (OUTPUT) A= 
MIN ТҮР МАХ ин тт шер ин e 


аата 
— TCKL AorB 
tPHL 
«ыыр «р: 2 
ENT n 3 
tPHL 
ааа ива та 
СІП TOCKU AorB 2 
tPZL 72 18 аве 
вт ве 
= тск} 
рд | — e L: es 


вн ва ш 
pu 
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recommended operating conditions 


Supply топара os ce н р 
ee iene ae 
м но [у | 
EE EET ZEE ZG 


еа dd Apu — | — Z -m | — s | 
ign- u 
ee ее SE aer ла Бі 


Аро, Too | E s |  % | 
IOL Low-level output current 
Been |“ __» | |" 
atv — input transition rise or fall rat — 


TA Operating free-air temperature | —5 125 | -40 85 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 


PARAMETER TEST CONDITIONS Ta = 25°C SN54ABTH182652A 
MIN ТҮРІ МАХ 


Мк |Усс-45У,Ц--8тА | — — — -12| -1.2 

Voc = 4.5 V, Е |Vcc-45V, Іон=-ЗтА | 25 _____| 25 | 

Vcc-5V lgu--3m | 
А рой, TIO ECZ OH 









SN74ABTH182652A 











lou--23mA | 2 .— |) 22).  — | 
үсс-45у ВОН» 

|ous-32m | 2 __"|"|_ 2  «— 
кокан кзг ро E 


Усс-5\ — Юн=-1тА DE је ва 
кеін cc он 
|он=-Зта р 
Voo=4sv Voo=4sv 
er | 26 _____| 1 [| 26 ____ 
о, =евта_|_______ 055) _ o5 | «— | 
А port, ТОО | Voc = 45V 
loL-64mA [tT 
Hop=8mA | os|) ___ ов | 06 | 
B port Vcc - 45v НОБ 
о = та | — о — 08 | 


CLK, S, Мон = Oto 5.5 V, 
S 5.5 V, 


eo Дю | 40 15 | 
ЕЛГЕН то, | Vcc 2 55V, М= Усс | од 
TMS 








|ОБАВ | 
UC то, |Vcc = 55V, Ме 
TMS 


И КЕКЕНИП VNPT EO | 5 = эю | | 
or orts ка. 
' ola) БЫН Е Vi=2V -75 -180 -500| |) -75 -50 | 


Voc = 2.1 V to 5.5 V, 
lozH TDO Мо=г27М —— 
OE=08V, OEs=2V 
Voc = 2.1 V to 5.5 V, 
1071. TDO Vo=0.5V, __ 
ОЕ =0.8 V, OE=2V 
Voc = 0 to 2.1 V, 
lozPU |TDO Vo =2.7 V or 0.5 V, +50 
OE =2V, ОЕ = 0.8 V 





Voc = 2.1 V to 0, ; 
lozPD | 100 Vo = 2.7 V or 0.5 V, +50 
ОЕ=2\, ОЕ = 0.8 V 


и Дре — Vervosasv 


Out uts 


A pon TDO |16-55% voz25v [50 29 -200| 2-9 25 | 0 5 | 
[Spot [Veo=55V, Vo=25V в | - t | 5 t |" 


* On products compliant to MIL-PRE-SS5SS, this parameter does not apply. 

T All typical values are at Voc = 5 V. 

t The parameter It (hold) includes the off-state output leakage current. 

§ Not more than one output should be tested at a time, and the duration of the test should not exceed one second. 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) (continued) 


ТА = 25°C SN54ABTH182652A | SN74ABTH182652A 

PARAMETER TEST CONDITIONS 
мы ТҮРТ MAX| мы MAX | MN мах | | 
Outputs high 


| Outputs low | | Outputs low | 
Outputs 
disabled 
mm Voc = 5.5 V, One input at 3.4 V, "m 
cc Other inputs at Усс or GND А. 
inputs 
= s= TEE жене жаза. are a Е ж 


7 М — values are at Tem =5V. 
+ This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND. 
























timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (normal mode) (See Figure 15) 


SNS4ABTH182652A | SN74ABTH182652A | |... 
сибе — [oues UA о do | o № | ме | 
Pulse duration CLKAB or CLKBA high or low QC а 

CE 3 ви — Setuptime | | Abefore CLKABT ог В before CLKBAT E се 
Hold time A after CLKABT or В after CLKBAT — == == = 


timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (test mode) (see Figure 15) 





















шох сан ово |. o s | ме 
[ty Pulse duration [ток — — — — — [8 | s №, 
A B. CLK, OEAS, СЕВА or Spore TK | 5 [в | 
ЗЕЕ == 
ъс ИТ, == 
ГА, 8, CLK, OFAB, ОЕК ог ването | 50 — [| t — | 
О вв 
КОШЕ Оу = E == oe = 
«нете ЕС SSS td Cd ЗИ 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (normal mode) (see Figure 15) 


Voc =5V, 
FROM TO SN54ABTH182652A 
TA = 25°C 
PARAMETER (INPUT) (OUTPUT) аы 
ТҮР МАХ 
СІКАВ ог 
СКВА 
IPLH — Hep ET 
tPHL 
3.1 4.7 1.5 5.2 
15 33 5 8 
1.5 4.3 6.2 Pw 1.5 
CLKAB 
1.5 E: 27841 1.5 

















SN74ABTH182652A 





10 


1.5 
1.5 


ла в Вот | 15 
15 4.8 7.4 m 8.3 1.5 
1.5 6.8 1.5 


15 72 15 
Е Tier 15 46 64| 15 78 15 
tPZL OEAB or OEBA 1.5 6.2 1.5 74 
— «эы o ss 
ЕЕ OEAB or OEBA BorA 
| 2 4 63] 2 8 | 2 7 | 


switching characteristics over recommended ranges of supply voltage and operating free-air 
e (unless otherwise noted) (test mode) (see Figure 15) 


Ұсс-5У, 
FROM TO Ta = 25°C SN54ABTH182652A | SN74ABTH182652A 
PARAMETER (INPUT) (OUTPUT) m 
тур MAX| мн МАС | мы МАХ | 


SBA A 


E ET 

15 38 55 ub 6.5 1.5 
АРНЕ 
tPZH 

|___ Ра | 





-5 юам 
25 68 25 145 25 13.1 
РЕ ТЕЕ TCKL AorB 
m we] ese 25 124 





t 3.5 5.1 5 

эн) ток 4 

a 36 54 NEC S= E 

t 84 n. 4 2145 |___4 134 | 

| єн TCKL AorB Э a 

tPZL _ 4 84 118 485 15 | 4 136 | 
2 36 57 Leo 2 | 

РЕН тек! TDO = 

tPzL 38 62 
O BE DRM S mm = 

= D скі. AorB З 

НИ ИКС ет 






[xg wap CT РЕВ 
—— bui BINE | 25 8 | 5 = = 758) s 
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From Output 
Under Test 


Сі = 50 pF 
(see Note A) 


PARAMETER MEASUREMENT INFORMATION 
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tPLH/tPHL 
tPLz/tPzL 
iPHZ/tPzH 


LOAD CIRCUIT 
Зу 
Timing Input 
0v 
| x | 
| | ЗУ 
\ 3V 
Input 1.5V 1.5 V Data Input 
оу оу 
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS 
PULSE DURATION SETUP AND HOLD TIMES 
3v l 3V 
Output ' 
~ | оу Control | = | ov 
14 4-- 121. — | 
t t 
PLH ——# | Маш Output щета it 
| = Ҹон Wav ion 1 | N | 4 чи 
Output | 15V | : 1.5V Не асты | 15V | Ve + 0.3 V 
| VoL Note B | |р OL 
| (see Note В) | | tPHZ -> 
tPHL ——^À > 'PLH до іран Ф]  d— | 
pu == — WV 
| me | жы Мон  waveform 2 | mm Мон-озу ОН 
Output ° | 51 at Open | 
--- VoL (see Note B) = 0 V 
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES ENABLE AND DISABLE TIMES 


INVERTING AND NONINVERTING OUTPUTS 


LOW- AND HIGH-LEVEL ENABLING 


NOTES: A. 
B. 


С. 
D. 





C, includes probe and jig capacitance. 

Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

All input pulses are supplied by generators having the following characteristics: PRR < 10 MHz, Zo = 50 ©, t; < 2.5 ns, {< 2.5 ns. 
The outputs are measured one at a time with one transition per measurement. 


Figure 15. Load Circuit and Voltage Waveforms 
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€ Members of the Texas Instruments SN54LVTH18245, SN54LVTH182245... WD PACKAGE 
SCOPE™ Family of Testability Products SN74LVTH18245, SN74LVTH182245 ... DGG OR DL PACKAGE 
(TOP VIEW) 


€ Members of the Texas Instruments 
Widebus™ Family 


€ = State-of-the-Art 3.3-V ABT Design Supports 
Mixed-Mode Signal Operation (5-V Input 
and Output Voltages With 3.3-V Voc) 


9 Support Unregulated Battery Operation 
Down to 2.7 V 


€ Bus Hold on Data Inputs Eliminates the 
Need for External Pullup Resistors 


е B-Port Outputs of 'LVTH182245 Devices 
Have Equivalent 25-0 Series Resistors, So 
No External Resistors Are Required 


€ Compatible With the IEEE Standard 
1149.1-1990 (JTAG) Test Access Port and 
Boundary-Scan Architecture 


€ SCOPE"" Instruction Set 
- IEEE Standard 1149.1-1990 Required 
Instructions and Optional CLAMP and 
HIGHZ 
— Parallel-Signature Analysis at Inputs 
— Pseudo-Random Pattern Generation 
From Outputs 
- Sample Inputs/Toggle Outputs 
- Binary Count From Outputs 
— Device Identification 
— Even-Parity Opcodes 
€ Packaged in Plastic Shrink Small-Outline 
(DL) and Thin Shrink Small-Outline (DGG) 
Packages and 380-mil Fine-Pitch Ceramic 
Flat (WD) Packages 





description 


The 'LVTH18245 and 1УТН182245 scan test devices with 18-bit bus transceivers are members of the Texas 
Instruments SCOPE™ testability integrated-circuit family. This family of devices supports IEEE Standard 
1149.1-1990 boundary scan to facilitate testing of complex circuit-board assemblies. Scan access to the test 
circuitry is accomplished via the 4-wire test access port (TAP) interface. 


Additionally, these devices are designed specifically for low-voltage (3.3-V) Усс operation, but with the 
capability to provide a TTL interface to a 5-V system environment. 


In the norma! mode, these devices are 18-bit noninverting bus transceivers. They can be used either as two 
9-bit transceivers or one 18-bit transceiver. The test circuitry can be activated by the TAP to take snapshot 
samples of the data appearing at the device pins or to perform a self test on the boundary-test cells. Activating 
the TAP in the normal mode does not affect the functional operation of the SCOPE™ bus transceivers. 


SCOPE and Widebus are trademarks of Texas Instruments Incorporated. 
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description (continued) 


Data flow is controlled by the direction-control (DIR) and output-enable (OE) inputs. Data transmission is 
allowed from the A bus to the B bus or from the B bus to the A bus, depending on the logic level at DIR. The 
OE can be used to disable the device so that the buses are effectively isolated. 


In the test mode, the normal operation of the SCOPE™ bus transceivers is inhibited and the test circuitry is 
enabled to observe and control the I/O boundary of the device. When enabled, the test circuitry performs 
boundary-scan test operations according to the protocol described in IEEE Standard 1149.1-1990. 


Four dedicated test pins observe and control the operation of the test circuitry: test data input (TDI), test data 
output (TDO), test mode select (TMS), andtest clock (TCK). Additionally, the test circuitry performs other testing 
functions such as parallel-signature analysis (PSA) on data inputs and pseudo-random pattern generation 
(PRPG) from data outputs. All testing and scan operations are synchronized to the TAP interface. 


Active bus-hold circuitry is provided to hold unused or floating data inputs at a valid logic level. 


The B-port outputs of ’L\VTH182245, which are designed to source or sink up to 12 mA, include 25-0 series 
resistors to reduce overshoot and undershoot. 


The SN74LVTH18245 and SN54LVTH182245 are available in Т!з shrink small-outline (DL) and thin shrink 
small-outline (DGG) packages, which provide twice the I/O pin count and functionality of standard small-outline 
packages in the same printed-circuit-board area. 


The SN54LVTH18245 and SN54LVTH182245 are characterized for operation over the full military temperature 
range of —55°C to 125°C. The SN74LVTH18245 and SN74LVTH182245 are characterized for operation from 
—40°С to 85°C. 


FUNCTION TABLE 
(normal mode, each 9-bit section) 


INPUTS 


B data to A bus 
A data to B bus 
Isolation 
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functional block diagram 


Boundary-Scan Register 






Bypass Register 
# Boundary-Control 
Register 
Identification 
Register 
Усс 
TDI 5 Instruction Register 






Vcc > 
` тмв -28 > 
ТАР 
29 Controller 
TCK > 
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Terminal Functions 


ЕНЕНЕ ea pU 


Normal-function output enables. See function table for normal-mode logic. An internal pullup at each terminal forces 
the terminal to a high level if left unconnected. 


K Test clock. One of four terminals required by IEEE Standard 1149.1-1990. Test operations of the device are 
synchronous to TCK. Data is captured on the rising edge of TCK and outputs change on the falling edge of TCK. 


DI Test data input. One of four terminals required by IEEE Standard 1149.1-1990. TDI is the serial input for shifting data 
through the instruction register or selected data register. An internal pullup forces TDI toa high level ей unconnected. 


Test mode select. One of four terminals required by IEEE Standard 1149.1-1990. TMS directs the device through its 
TAP controller states. An internal pullup forces TMS to a high level if left unconnected. 


S 


TC 
T 
Test data output. One of four terminals required by IEEE Standard 1149.1-1990. TDO is the serial output for shifting 
data through the instruction register or selected data register. 
TM 
ҮС 
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test architecture 


Serial-test information is conveyed by means of a 4-wire test bus or TAP, that conforms to IEEE Standard 
1149.1-1990. Test instructions, test data, and test control signals all are passed along this serial-test bus. The 
TAP controller monitors two signals from the test bus, TCK and TMS. The TAP controller extracts the 
synchronization (TCK) and state control (TMS) signals from the test bus and generates the appropriate on-chip 
control signals for the test structures in the device. Figure 1 shows the TAP-controller state diagram. 


The TAP controller is fully synchronous to the TCK signal. Input data is captured on the rising edge of TCK and 
output data changes on the falling edge of TCK. This scheme ensures data to be captured is valid for fully 
one-half of the ТСК cycle. . 


The functional block diagram illustrates the IEEE Standard 1149.1-1990 4-wire test bus and boundary-scan 
architecture and the relationship among the test bus, the TAP controller, and the test registers. As illustrated, 
the device contains an 8-bit instruction register and four test-data registers: a 44-bit boundary-scan register, a 
3-bit boundary-control register, а 1-bit bypass register, and a 32-bit device-identification register. 


Test-Logic-Reset d 






TMS =H 







Run-Test/ldie Select-IR-Scan 






р Select-DR-Scan 
Capture-DR 


Pause-DR 
Update-DR 





| TMS=L 


- Capture-IR 


ause-IR 


TMS = L 













| 









Update-IR 






Figure 1. TAP-Controller State Diagram 
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state diagram description 


The TAP controller is a synchronous finite state machine that provides test control signals throughout the device. 
The state diagram shown in Figure 1 is in accordance with IEEE Standard 1149.1-1990. The TAP controller 
proceeds through its states based on the level of TMS at the rising edge of TCK. 


As shown, the TAP controller consists of 16 states. There are six stable states (indicated by a looping arrow in 
the state diagram) and ten unstable states. A stable state is a state the TAP controller can retain for consecutive 
TCK cycles. Any state that does not meet this criterion is an unstable state. 


There are two main paths through the state diagram: one to access and control the selected data register and 
one to access and control the instruction register. Only one register can be accessed at a time. 


Test-Logic-Reset 


The device powers up in the Test-Logic-Reset state. In the stable Test-Logic-Reset state, the test logic is reset 
and is disabled so that the normal logic function of the device is performed. The instruction register is reset to 
an opcode that selects the optional IDCODE instruction, if supported, or the BYPASS instruction. Certain data 
registers also can be reset to their power-up values. 


The state machine is constructed such that the TAP controller returns to the Test-Logic-Reset state in no more 
than five TCK cycles if TMS is left high. The TMS pin has an internal pullup resistor that forces it high if left 
unconnected or if a board defect causes it to be open circuited. 


For the 'LVTH18245 and 'LVTH182245, the instruction register is reset to the binary value 10000001, which 
selects the IDCODE instruction. Bits 43-40 in the boundary-scan register are reset to logic 0, ensuring that 
these cells, which control A-port and B-port outputs, are set to benign values (i.e., if test mode were invoked, 
the outputs would be at high-impedance state). Reset values of other bits in the boundary-scan register should 
be considered indeterminate. The boundary-control register is reset to the binary value 010, which selects the 
PSA test operation. 


Run-Test/Idle 


The TAP controller must pass through the Run-Test/Idle state (from Test-Logic-Reset) before executing any test 
operations. The Run-Test/Idle state also can be entered following data-register or instruction-register scans. 
Run-Test/ldle is a stable state in which the test logic can be actively running a test or can be idle. The test 

. Operations selected by the boundary-control register are performed while the TAP controller is in the 
Run-Test/Idle state. i 


Select-DR-Scan, Select-IR-Scan 


No specific function is performed in the Select-DR-Scan and Select-IR-Scan states, andthe TAP controller exits 
either of these states on the next TCK cycle. These states allow the selection of either data-register scan or 
instruction-register scan. 


Capture-DR 


When a data-register scan is selected, the TAP controller must pass through the Capture-DR state. In the 
Capture-DR state, the selected data register can capture a data value as specified by the current instruction. 
Such capture operations occur on the rising edge of TCK, upon which the TAP controller exits the Capture-DR 
state. 


Shift-DR 
Upon entry to the Shift-DR state, the data register is placed in the scan path between TDI and TDO, and on the 


first falling edge of TCK, TDO goes from the high-impedance state to an active state. TDO enables to the logic 
level present in the least-significant bit of the selected data register. 
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Shift-DR (continued) 


While in the stable Shift-DR state, data is serially shifted through the selected data register on each TCK cycle. 
The first shift occurs on the first rising edge of TCK after entry to the Shift-DR state (i.e., no shifting occurs during 
the TCK cycle in which the TAP controller changes from Capture-DR to Shift-DR or from Exit2-DR to Shift-DR). 
The last shift occurs on the rising edge of TCK, upon which the TAP controller exits the Shift-DR state. 


Exit1-DR, Exit2-DR 


The Exit1-DR and Exit2-DR states are temporary states that end a data-register scan. It is possible to return 
to the Shift-DR state from either Exit1-DR or Exit2-DR without recapturing the data register. On the first falling 
edge of ТСК after entry to Exit1-DR, ТОО goes from the active state to the high-impedance state. 


Pause-DR 


No specific function is performed in the stable Pause-DR state, in which the TAP controller can remain 
indefinitely. The Pause-DR state suspends and resumes data register-scan operations without loss of data. 


Update-DR | 


If the current instruction calls for the selected data register to be updated with current data, such update occurs 
on the falling edge of TCK, following entry to the Update-DR state. 


Capture-IR 


When an instruction-register scan is selected, the TAP controller must pass through the Capture-IR state. In 
the Capture-IR state, the instruction register captures its current status value. This capture operation occurs 
on the rising edge of ТСК, upon which the TAP controller exits the Capture-IR state. For the 1УТН18245 and 
'LVTH 182245, the status value loaded in the Capture-IR state is the fixed binary value 10000001. 


Shift-IR 


Upon entry to the Shift-IR state, the instruction register is placed in the scan path between TDI and TDO, and 
on the first falling edge of TCK, TDO goes from the high-impedance state to an active state. TDO enables to 
the logic level present in the least-significant bit of the instruction register. 


While in the stable Shift-IR state, instruction data is serially shifted through the instruction register on each TCK 
cycle. The first shift occurs on the first rising edge of TCK after entry to the Shift-IR state (i.e., no shifting occurs 
during the TCK cycle in which the TAP controller changes from Capture-IR to Shift-IR or from Exit2-IR to 
Shift-IR). The last shift occurs on the rising edge of TCK, upon which the TAP controller exits the Shift-IR state. 


Exit1-IR, Exit2-IR 


The Exit1-IR and Exit2-IR states are temporary states that end an instruction-register scan. It is possible to 
return to the Shift-IR state from either Exitt-IR or Exit2-IR without recapturing the instruction register. On the 
first falling edge of ТСК after entry to Ехй1-ІН, ТОО goes from the active state to the high-impedance state. 


Pause-IR 


No specific function is performed in the stable Pause-IR state, in which the TAP controller can remain 
indefinitely. The Pause-IR state suspends and resumes instruction-register scan operations without loss of 
data. 


Update-IR 


The current instruction is updated and takes effect on the falling edge of TCK, following entry to the Update-IR 
state. 
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register overview 


With the exception of the bypass and device-identification registers, any test register can be thought of as a 
serial-shift register with a shadow latch on each bit. The bypass and device identification registers differ in that 
they contain only a shift register. During the appropriate capture state (Capture-IR for instruction register, 
Capture-DR for data registers), the shift register can be parallel loaded from a source specified by the current 
instruction. During the appropriate shift state (Shift-IR or Shift-DR), the contents of the shift register are shifted 
out from TDO while new contents are shifted in at TDI. During the appropriate update state (Update-IR or 
Update-DR), the shadow latches are updated from the shift register. 


instruction register description 


/ 


The instruction register (IR) is eight bits long and tells the device what instruction is to be executed. Information 
contained in the instruction includes the mode of operation (either normal mode, in which the device performs 
its normal logic function, or test mode, in which the normal logic function is inhibited or altered), the test operation 
to be performed, which of the four data registers is to be selected for inclusion in the scan path during 
data-register scans, and the source of data to be captured into the selected data register during Capture-DR. 


Table 3 lists the instructions supported by the 1УТН18245 and ’LVTH182245. The even-parity feature specified 
for SCOPE™ devices is supported in this device. Bit 7 of the instruction opcode is the parity bit. Any instructions 
that are defined for SCOPE™ devices but are not supported by this device default to BYPASS. 


During Capture-IR, the IR captures the binary value 10000001. Аз an instruction is shifted in, this value is shifted 
out via TDO and can be inspected as verification that the IR is in the scan path. During Update-IR, the value 
that has been shifted into the IR is loaded into shadow latches. At this time, the current instruction is updated 
and any specified mode change takes effect. At power up or in the Test-Logic-Reset state, the IR is reset to the 
binary value 10000001, which selects the IDCODE instruction. The IR order of scan is shown in Figure 2. 


Bit 7 
TDI Parity ° вно тро 


Figure 2. Instruction Register Order of Scan 
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data register description 


boundary-scan register 


The boundary-scan register (BSR) is 44 bits long. It contains one boundary-scan cell (BSC) for each 
normal-function input pin, one BSC for each normal-function ИО pin (one single cell for both input data and 
output data), and one BSC for each of the internally decoded output-enable signals (1ОЕА, 2OEA, 1OEB, 
2OEB). The BSR is used 1) to store test data that is to be applied externally to the device output pins, and/or 
2) to capture data that appears internally at the outputs of the normal on-chip logic and/or externally at the device 
input pins. | 


The source of data to be captured into the BSR during Capture-DR is determined by the current instruction. The 
contents of the BSR can change during Run-Test/ldle, as determined by the current instruction. At power up 
or in Test-Logic-Reset, BSCs 43-40 are reset to logic 0, ensuring that these cells, which control A-port and 
B-port outputs, are set to benign values (1.е., if test mode were invoked, the outputs would be at high-impedance 
state). Reset values for other BSCs should be considered indeterminate. 


When external data is to be captured, the BSCs for signals 1OEA, 2OEA, 1OEB, and 2OEB capture logic values 
determined by the following positive-logic equations: 


1OEA = 1ОЕ • 1DIR, 20EA = 20Е • 2DIR, 1ОЕВ = 1ОЕ е DIR, and 2OEB = 20Е е DIR 















When data is to be applied externally, these BSCs control the drive state (active or high impedance) of their 

respective outputs. 

The BSR order of scan is from TDI through bits 43-0 to ТОО. Table 1 shows the BSR bits and their associated 

device pin signals. 

Table 1. Boundary-Scan Register Configuration 
NUMBER | SIGNAL | NUMBER | SIGNAL | NUMBER | SIGNAL | NUMBER | SIGNAL | NUMBER | SIGNAL 

| 43 | 2o | 35 | 2490 | 26 | ло | 17 | 2890 | в | 1890 | 
[ 42 | tore | м | zuo | 25 | завио | 16 | 2860 | 7 | 1880 | 
Pat | 20m | з | 2470 | ж | zo | в | овчо | 6 | вю | 
[ 40 | iom | 3 | zw | з | wewo | м | zo | 5 | ео, 
[ 3 | zw | 3 [zw | 2 [ею | в | 2860 | 4 | вю | 
[ 35 | ton | 30 | 2440 | 8 | wo | ғ | зао | 3 | вю | 
[ a | zo | з | ww | 9 | wo | и [| zo | 2 | 18310 | 
[ a& | = | 25 | zwwo | 9 | мю | 9 | 2620 | 1 | 18210__ 
[ — | — | Z [ano] 8 | 





wo [9 [so | © [ вю | 
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boundary-control register 


The boundary-control register (BCR) is three bits long. The BCR is used in the context of the RUNT instruction 
to implement additional test operations not included in the basic SCOPE"" instruction set. Such operations 
include PRPG, PSA, and binary count up (COUNT). Table 4 shows the test operations that are decoded by the 
BCR. | 


During Capture-DR, the contents of the BCR are not changed. At power up or in Test-Logic-Reset, the BCR is 
reset to the binary value 010, which selects the PSA test operation. The BCR order of scan is shown in 
Figure 3. | 


TDI TDO 





Figure 3. Boundary-Control Register Order of Scan 


bypass register 


The bypass register is a 1-bit scan path that can be selected to shorten the length of the system scan path, 
reducing the number of bits per test pattern that must be applied to complete a test operation. During 
Capture-DR, the bypass register captures a logic 0. The bypass register order of scan is shown in 
Figure 4. 


TDI TDO 


Figure 4. Bypass Register Order of Scan 
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device-Identification register 


The device-identification register (IDR) is 32 bits long. It can be selected and read to identify the manufacturer, 
part number, and version of this device. 


For the 'LVTH18245, the binary value 00000000000000011011000000101111 (0001ВО2Ғ, hex) is captured 
(during Capture-DR state) in the IDR to identify this device as Texas Instruments SN54/74LVTH18245. 


For the 'LVTH182245, the binary value 000000000000001 00000000000101 111 (0002002F, hex) is captured 
(during Capture-DR state) in the IDR to identify this device as Texas Instruments SN54/74LVTH182245. 


The IDR order of scan is from TDI through bits 31-0 to TDO. Table 2 shows the IDR bits and their significance. 


Table 2. Device-Identification Register Configuration 


NUMBER SIGNIFICANCE NUMBER SIGNIFICANCE NUMBER SIGNIFICANCE 
з | уезов | zr | PARTNUMBERIG | и | МАМОРАСТОНЕНТО | 
Го | мое | в | РаНТМОМВЕНИ | 10 | MANUFACTURERGS | 
[> | venson | 2 | раятмммвеніз | 9 | MANUFACTUREROGT | 
Св | мноо — | 24 | FARTNUMBERI2 | в — | MANUFACTUREROTT | 
Г = 77% 1 рлмтмомвени | z | MANUFACTUREROGT | 
=e Римом | 6 | MANUPACTUREROSF | 
= — | 2 | рим | 5 | мАМОРАСТОНЕНОФ | 
Г = [о | влятчомвеное | 4 | мАМОРАСТОНЕНОЗЕ | 
= [| Panumo | 3 — | MANUFACTURERO2T | 
= [в | Panumo | 2 | маМОРАСТОНЕВОТ | 
= [я | Равтчомеево | 1 | МАМОРАСТОЕВОО | 
= [в [| ммм | o | пост | 
тв ЕЕ [| — ] — — J 
Le ee ee [Phusa S 
= АН ПНЕ | pami Е ЕЕЕ 
| ео [rumu [| р 7 


T Note that for TI products, bits 11—0 of the device-identification register always contain the binary value 000000101111 
(02Ғ, пех). | | 
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instruction-register opcode description 


The instruction-register opcodes are shown in Table 3. The following descriptions detail the operation of each 
instruction. 


Table 3. Instruction-Register Opcodes 


BINARY СОРЕТ | 
BIT 7 BIT 0 SCOPE OPCODE DESCRIPTION SELECTED DATA 
| REGISTER 
MSB  LSB 


00000000 EXTEST 
10000001 IDCODE Identification read | Device identification | Normal | 




















[ 10000: | SAWPLEIPRELOAD | — — — Sampebewday — — | Boundary scan — | Normal | 
шоло | вит [Bypass scan — | — Bypass — | Normal | 
Г соо" | ве | — — Вион | Bypass | Nomar | 
BYPASSE 


t Bit 7 is used to maintain even parity in the 8-bit instruction. У 
t The BYPASS instruction is executed in lieu of a SCOPE™ instruction that is not supported in the 'LVT18245 or 'LVT182245. 


boundary scan | 


This instruction conforms to the IEEE Standard 1149.1-1990 EXTEST instruction. The BSR is selected in the 
scan path. Data appearing at the device input and I/O pins is captured in the associated BSCs. Data that has 
been scanned into the input BSCs is applied to the inputs of the normal on-chip logic, while data scanned into 
the I/O BSCs for pins in the output mode is applied to the device I/O pins. Data present at the device I/O pins 
is passed through the ИО BSCs to the normal on-chip logic. For I/O pins, the operation of a pin as input or output 
is determined by the contents of the output-enable BSCs (bits 43-40 of the BSR). When a given output enable 
is active (logic 1), the associated ИО pins operate іп the output mode. Otherwise, the I/O pins operate in the 
input mode. The device operates in the test mode. | 


Identification read 


This instruction conforms to the IEEE Standard 1149.1-1990 IDCODE instruction. The IDR is selected in the 
scan path. The device operates in the normal mode. 


sample boundary 


This instruction conforms to the IEEE Standard 1149.1-1990 SAMPLE/PRELOAD instruction. The BSR is 
selected in the scan path. Data appearing at the device input pins and /О pins in the input mode is captured 
inthe associated BSCs, while data appearing at the outputs of the normal on-chip logic is captured in the BSCs 
associated with I/O pins in the output mode. The device operates in the normal mode. 





35 TEXAS 
INSTRUMENTS 


6-14 POST OFFICE BOX 655303 € DALLAS, TEXAS 75265 


SN54LVTH18245, SN54LVTH182245, SN74LVTH18245, SN74LVTH182245 
3.3-V ABT SCAN TEST DEVICES 
WITH 18-BIT BUS TRANSCEIVERS 


SCBS161C - AUGUST 1993 – REVISED JULY 1996 


bypass scan 


This instruction conforms to the IEEE Standard 1149.1-1990 BYPASS instruction. The bypass register is 
selected in the scan path. A logic O value is captured in the bypass register during Capture-DR. The device 
operates in the normal mode. 


control boundary to high impedance 


This instruction conforms to the IEEE Standard 1149.1a-1993 HIGHZ instruction. The bypass register is 
selected in the scan path. A logic O value is captured in the bypass register during Capture-DR. The device 
operates in a modified test mode in which all device I/O pins are placed in the high-impedance state, the device 
input pins remain operational, and the normal on-chip logic function is performed. 


control boundary to 1/0 


This instruction conforms to the IEEE Standard 1149.1a-1993 CLAMP instruction. The bypass register is 
selected in the scan path. A logic 0 value is captured in the bypass register during Capture-DR. Data in the input 
BSCs is applied to the inputs of the normal on-chip logic, while data in the /О BSCs for pins in the output mode 
is applied to the device ИО pins. The device operates in the test mode. 


boundary-run test 


The bypass register is selected in the scan path. A logic 0 value is captured in the bypass register during 
Capture-DR. The device operates in the test mode. The test operation specified in the BCR is executed during 
Run-Test/Idle. The five test operations decoded by the BCR are: sample inputs/toggle outputs (TOPSIP), 
PRPG, PSA, simultaneous PSA and PRPG (PSA/PRPG), and simultaneous PSA and binary count up 
(PSA/COUNT). 


boundary read 


The BSR is selected in the scan path. The value in the BSR remains unchanged during Capture-DR. This 
instruction is useful for inspecting data after a PSA operation. 


boundary self test 


The BSR is selected in the scan path. All BSCs capture the inverse of their current values during Capture-DR. 
In this way, the contents of the shadow latches can be read out to verify the integrity of both shift-register and 
shadow-latch elements of the BSR. The device operates in the normal mode. 


boundary toggle outputs 


The bypass register is selected in the scan path. A logic 0 value is captured in the bypass register during 
Capture-DR. Data in the shift-register elements of the selected output-mode BSCs is toggled on each rising 
edge of TCK in Run-Test/ldle, updated in the shadow latches, and applied to the associated device I/O pins on 
each falling edge of TCK in Run-Test/ldle. Data in the input-mode BSCs remains constant. Data appearing at 
the device input or I/O pins is not captured in the input-mode BSCs. The device operates in the test mode. 


boundary-control-register scan 


The BCR is selected in the scan path. The value in the BCR remains unchanged during Capture-DR. This 
operation must be performed before a boundary-run test operation to specify which test operation is to be 
executed. 
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boundary-control-register opcode description 


The BCR opcodes are decoded from BCR bits 2-0 as shownin Table 4. The selected test operation is performed 
while the RUNT instruction is executed in the Run-Test/Idle state. The following descriptions detail the operation 
of each BCR instruction and illustrate the associated PSA and PRPG algorithms. 


Table 4. Boundary-Control Register Opcodes | 


BINARY CODE 
BIT 2 > ВТО DESCRIPTION : 
MSB — LSB | 
Sample inputs/toggle outputs (TOPSIP) 


Pseudo-random pattern generation/36-bit mode (PRPG) 
Parallel-signature analysis/36-bit mode (PSA) 






Simultaneous PSA and PRPG/18-bit mode (PSA/PRPG) 
Simultaneous PSA and binary count up/18-bit mode (PSA/COUNT) 


While the control input BSCs (bits 43-36) are not included in the toggle, PSA, PRPG, or COUNT algorithms, 
the output-enable BSCs (bits 43-40 of the BSR) control the drive state (active or high impedance) of the selected 
device output pins. These BCR instructions are valid only when both bytes of the device are operating in one 
direction of data flow (that is, (ОЕА ғ 1OEB and 2OEA z 2OEB) and in the same direction of data flow (that is, 
1OEA = 2ОЕА and 1ОЕВ = 2OEB). Otherwise, the bypass instruction is operated. 






sample inputs/toggle outputs (TOPSIP) 


Data appearing at the selected device input-mode I/O pins is captured in the shift-register elements of the 
associated BSCs on each rising edge of TCK. Data in the shift-register elements of the selected output-mode 
BSCs is toggled on each rising edge of TCK, updated in the shadow latches, and applied to the associated 
device I/O pins on each falling edge of TCK. 





6-16 
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pseudo-random pattern generation (PRPG) 


A pseudo-random pattern is generated in the shift-register elements of the selected BSCs on each rising edge 
of TCK, updated in the shadow latches, and applied to the associated device output-mode I/O pins on each 
falling edge of TCK. Figures 5 and 6 illustrate the 36-bit linear-feedback shift-register algorithms through which 
the patterns are generated. An initial seed value should be scanned into the BSR before performing this 
operation. A seed value of all zeroes does not produce additional patterns. 


2A9-/O 2А8-/О  2A7-/O  2A6-/O 2А5-/0 2A4-1/0  2A3-/O 2A2./O 2А1-/О 







1A9-/O 1А8-/0  1A7-/O  1A6-/O  1A5-/O 1ҮА4-/0  1A3-/O 1А2-/0 > 1А1-/0 


joa В за Кай B А 
eae S 








289-10 28800  2B7-/O 286-/0  2B5-/O 2В4-/0  2B3J/O 2B2-/O 281-/0 


Ф J > 1B9-/O  1B8-/O 187-/0 186-/0  1B5-/O 184/0  1B3-/O  1B2-/O  1B1-l/O 


Figure 5. 36-Bit PRPG Configuration (1OEA = 20ЕА = 0, 10EB = 20ЕВ = 1) 
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2B9-/O  2B8-/O 287-/0 286-/0  2B5-/O 2В4-/О 283-/0 282-500 2В1-/О 


1B9-/O 1В8-/0 187-/0  1B6-/O  1B5-/O  1B4-/O  1B3-/O  1B2-/O 1В1-/О 





Ф | J > 1А9-/0 1А8-/0 1А7-/0 1А6-/0  1A5-/O  1A4-l/O  1A3-/O  1A2-/O 1А1-/О 
Figure 6. 36-Bit PRPG Configuration (1ОЕА = 20EA = 1, 10EB = 20EB = 0) 
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parallel-signature analysis (PSA) 


Data appearing at the selected device input-mode I/O pins is compressed into a 36-bit parallel signature in the 
shift-register elements of the selected BSCs on each rising edge of TCK. Data in the shadow latches of the 
selected output-mode BSCs remains constant and is applied to the associated device I/O pins. Figures 7 and 8 
illustrate the 36-bit linear-feedback shift-register algorithms through which the signature is generated. An initial 
seed value should be scanned into the BSR before performing this operation. 


2A9-/O  2A8-/O 2А7-/0  2A6-/O  2A5-/O 2А4-/0 2А3-/0 2A2-1/0 > 2А1-/0 









1A7-/O  1A6-/O  1A5-/O 1А4/0  1A3-/O  1A2-/O > 1А1-/0 


SHS 
LJ LS LJ LS Ll LC Hj 


1А9-/О 1А8-/О 





© Jv 1B9-/O  1B8-/O 1В7-/О  1B6-/O  1B5-/O 184/0  1B3-/O  1B2-/O 1В1-/О 


Figure 7. 36-Bit PSA Configuration (1OEA = 2OEA = 0, 10EB = 2OEB = 1) 
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2В9-/0  2B8-/O  2B7-/O  2B6-/O  2B5-/O 284-00 283-00  2B2-/O 281-/0 









1B9-/O  1B8-/O  1B7-/O  1B6-/O  1B5-/O  1B4-/O  1B3-/O  1B2-/O 1В1-/О 


[ed Lj Lj LI LU 


© “= > 1A9-/O 1А8-/0 1А7-/0 1А6-/О 1А5-/О 1А4/0 1A3-I/O 1А2-/0 1А1-/О 


Figure 8. 36-ВИ PSA Configuration (1OEA = 20EA = 1, 10EB = 2OEB = 0) 
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simultaneous PSA and PRPG (PSA/PRPG) 


Data appearing at the selected device input-mode I/O pins is compressed into an 18-bit parallel signature in 
the shift-register elements of the selected input-mode BSCs on each rising edge of TCK. At the same time, an 
18-bit pseudo-random pattern is generated in the shift-register elements of the selected output-mode BSCs on 
each rising edge of TCK, updated in the shadow latches, and applied to the associated device I/O pins on each 
falling edge of TCK. Figures 9 and 10 illustrate the 18-bit linear-feedback shift-register algorithms through which 
the signature and patterns are generated. An initial seed value should be scanned into the BSR before 
performing this operation. A seed value of all zeroes does not produce additional patterns. 


2A9-/O 2А8-/О 2А7-И/О 2А6-/0 2А5-/0 2А4-/0 A 2A3-/O 2А2-/0 2А1-/О 


1A9-/O 1А8-/О 1А7-/0 1А6-/0 1А5-/0  1A&-/O 1АЗ-/О 1ҮА2-/0  1A1-I/O 








1B9-/O 1В8-/О  1B7-/O  1B6-/O  1B5-/O 18400 1 B3-I/O- 1B2-/O  1B1-l/O 


Figure 9. 18-Bit PSA/PRPG Configuration (1OEA = 2OEA = 0, 10EB = 2OEB = 1) 
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2В9-/0  2B8-/O  2B7-/O 2В6-/О  2B5-/O 284-/0 283-/0 2B2-/O 2В1-/О 





© Е J > 1A9-/O 1А8-/0 1А7-/0 1А6-/0 1А5-/0 1А4-/0  ТАЗ-/О 1А2-/0 1А1-/0 


Figure 10. 18-ВИ PSA/PRPG Configuration (ТОЕА = 20EA = 1, 10ЕВ = 20EB = 0) 
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simultaneous PSA and binary count up (PSA/COUNT) 


Data appearing at the selected device input-mode /О pins is compressed into an 18-bit parallel signature in 
the shift-register elements of the selected input-mode BSCs on each rising edge of TCK. At the same time, an 
18-bit binary count-up pattern is generated in the shift-register elements of the selected output-mode BSCs on 
each rising edge of TCK, updated in the shadow latches, and applied to the associated device I/O pins on each 
falling edge of TCK. Figures 11 and 12 illustrate the 18-bit linear-feedback shift-register algorithms through 
which the signature is generated. An initial seed value should be scanned into the BSR before performing this 
operation. | 


2А9-/0 2А8-/О 2А7-ІО 2А6-/О 2А5-/0 2А4ПИО 2А3-/0 2А2-/О > 2А1-/0 


1А9-/0 1ҮА8-/О  1A7-/O 1А6-/0  1A5-/O 1A4-1/0 ЛАЗ-/О  1A2-/O 1А1-/О 





ППППППППП 


2B9-/O  2B8-/O 2В7-/О 2В6-/О  2B5-/O 2В4-/О 2В3-/0 282-/0 2В1-/О 


850 009000006 


1B9-/0  1B8-/O 187-/0  1B6-/O  1B5-/O 184/0  1B3-/O  1B2-/O 1В1-/О 


Figure 11. 18-Bit PSA/COUNT Configuration (1ОЕА = 2OEA = 0, 10EB = 20EB = 1) 
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289-10 2В8-/0 2B7-/O  2B6-/O  2B5-/O 2840  2B3-/O 282-/0  2B1-l/O 





MSB Г 


2А9-/О 2А8-/0 2А7-/0 2А6-И/О 2А5-/О 2А4-/0 2А3-ІО . 2A2-I/O  2A1-I/O 


© =) > 1A9-/O 1А8-/О 1А7-/О 1А6-/О 1А5-/О 1А4-/О 1АЗ-/О 1Ү2-/О > 1А1-/0 


Figure 12. 18-Bit PSA/COUNT Configuration (1ОЕА = 2ОЕА = 1, 1ОЕВ = 2ОЕВ = 0) 
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timing description 


All test operations of the 'LVTH18245 and 'LVTH182245 are synchronous to ТСК. Data on the TDI, TMS, and 
normal-function inputs is captured on the rising edge of TCK. Data appears on the TDO and normal-function 
output pins on the falling edge of TCK. The TAP controller is advanced through its states (as shown in Figure 1) 
by changing the value of TMS on the falling edge of TCK and then applying a rising edge to TCK. 


A simple timing example is shown in Figure 13. In this example, the TAP controller begins in the 
Test-Logic-Reset state and is advanced through its states as necessary to perform one instruction-register scan 
and one data-register scan. While in the Shift-IR and Shift-DR states, TDI is used to input serial data and TDO 
is used to output serial data. The TAP controller is then returned to the Test-Logic-Reset state. Table 5 details 
the operation of the test circuitry during each TCK cycle. 


Table 5. Explanation of Timing Example 


TCK TAP STATE 
CYCLE(S) AFTER TCK DESCRIPTION 


Test-Logic-Reset TMS is changed to a logic O value on the falling edge of TCK to begin advancing the TAP controller toward 







the desired state. 


Шы ee тт л 1.2. 
ееси боп ООО 














on the rising edge of TCK as the TAP controller advances to the next state. 
14 Exit1-IR TDO becomes inactive (goes to the high-impedance state) on the falling edge of TCK. 


Select-IR-Scan 
One bit is shifted into the IR on each ТСК rising edge. With TDI held at a logic 1 value, the 8-bit binary value 
Update-IR The IR is updated with the new instruction (BYPASS) on the falling edge of TCK. 


Capture-IR The IR captures the 8-bit binary value 10000001 on the rising edge of TCK as the TAP controller exits the 
11111111 is serially scanned intothe IR. Atthe same time, the 8-bit binary value 10000001 is serially scanned 
эсап | 


Capture-IR state. 
Shift-IR 
m out of the IR via TDO. In TCK cycle 13, TMS is changed to a logic 1 value to end the IR scan on the next 
D 









17 Capture-DR The bypass register captures a logic 0 value on the rising edge of TCK as the TAP controller exits the 


| 

Capture-DR state. 
TDO becomes active and TDI is made valid on the falling edge of TCK. The first bit is shifted into the TAP 

on the rising edge of TCK as the TAP controller advances to the next state. 
[ 19-20 |  ShKoR | Tne binary value 101 is shifted in via TDI, whiethebinanvaueOtOisshifedou va TOO. — | 
[ 22 | Update-OR | In general, the selected data register is updated withthe new data on the falling edge of TOK ______ 
Оз евра C C C C 
[ 24 _| зетом | —  — C 77 
| 25 | 


Test-Logic-Reset | Test operation completed 









МЕЗЕ : TDO becomes active and TDI is made valid on the falling edge of TCK. The first bit is shifted into the TAP 
7-13 Shift- 
ТСК cycle. The last bit of the instruction is shifted as the TAP controller advances from Shift-IR to Exitt-IR. 
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 





тек ПЛПЛЛЛЛПЛЛПЛЛПЛЛЛЛЛЛЛЛЛЛЛЛЛЛЛЛЛЛ 
TMS 

ЫМ“. MN AAAAZ yw NC NC N N S< NENA МИЉЕ M МГ МЕ NM N NN 

TDI ОК SRK 50500506060%0506060 
TDO СС 009 909€ 909 
5 o с с tc tc tc сс Е Сс Сс tr tr с с з 

8 | ъ T < тт | е а а а ае | ес |8 
212121218 Е 21215121 = 1328416 

TAP | 5 |68 1с | | + 5 85 Е Е 
Controller! ® қ О |= 8 зе в 0 ш 8 е 5 Š 
зае |- | š | Š 3 gjo $ š Š 
ў 5 
ЛШЫ 8 8188 


а 3-State (TDO) ог Don't Care (TDI) 


Figure 13. Timing Example 


absolute maximum ratings over operating free-air temperature range (unless otherwise поїеа)ї 


Supply voltage range, VOG ыры Ever рана бұра ERE ава ата вена есен —0.5 V to 4.6 V 
Input voltage range, VI (see Note 1) .................................................. -0.5Vto7V 
Voltage range applied to any output іп the high state or power-off state, Vo (see Note 1) .... -0.5Vto7V 
Current into any output in the low state, Io: SNB4LVTH18245 ................................. 96 mA 
SN54LVTH182245 (A port or ТОО) .................. 96 mA 

SN54LVTH182245 (B port) ......................... 30 mA 

SN?4LVTEHB245 ................................. 128 mA 

SN74LVTH182245 (A port or ТОО) ................. 128 mA 

SN74LVTH182245 (B port) ......................... 30 mA 

Current into any output in the high state, lo (see Note 2): 6М541УТН18245...................... 48 mA 
SN54LVTH182245 (А port ог ТОО) ...... 48 mA 

SN54LVTH182245 (B port) ............. 30 mA 

SN74LVTH18245 ...................... 64 mA 

SN74LVTH182245 (A port or TDO) ...... 64 mA 

` SN74LVTH182245 (B port) ............. 30 mA 

Input clamp current, lk (V< РЕТТЕР Те? -50 mA 
Output clamp current; ок (Vo <0) ssi oe rta ees көну bey nth ва а Ye nn —50 mA 
Maximum power dissipation at T4 = 55°C (in still air) (see Note 3): DGG package ................... 1W 
DL package .................... 1.4 W 

Storage temperature range, Ту -...................... He -65%С to 150°C 


t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. | 

NOTES: 1. The input and output negative-voltage ratings can be exceeded if the input and output clamp-current ratings are observed. 


2. This current will only flow when the output is in the high state and Мо > Vcc. 

3. The maximum package power dissipation is calculated using a junction temperature of 150°C and a board trace length of 750 mils. 
For more information, refer to the Package Thermal Considerations application note in the ABT Advanced BiCMOS Technology Data 
Book, literature number SCBD002. 
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recommended operating conditions 


SN54LVTH18245 | SN74LVTH18245 
| MN __МАХ MN мах | ONT 


[Voc бие 170% er — ss|-v | 
Гн Highievelinputvatage ПЕ T z 
ву | 
Ги прие ве 





< 






< 






< 






< 








о. —Lowievelouputcurent 142% 
lox? Lowievelouiputcurent ИСТ ИС м | 
uv pumansonrseortalras —  Owpusenabed | o| | v| 
(ТА Opwamgteeartemeaue — ОЕ 2 ес | 





t Current duty cycle < 50%, f 2 1 kHz 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) (see Note 4) 















[ Vk [оок — =m ______ ______-|_______- v] 
Мос? та юна _________ за | 24 _____ 
VoH | 
Voo=3V Пон--4аял” |. 2 ү 
Поне ва ____| ү LLL 
кошу [оше | = 
оо] 
= отл |74424, 
РТ СЕТЕ |22555 
| 
io = 64mA Е БЕТ C 
Усс=з8%, —  Vi-VoGorGND 
Voo=OorMaxt, — Vie 55V н з у т 
ттар ы 
Iwevco... |22); 41/2 |. И 
Усс = 3.6 У 
дааа гар 
Мусс лавр ар 
|______-| ______-- 
Plot |Voc=0, Viorvo=0t045V 
ШАП 
[ lou  |Voo-38v ___Мозам [о | ү м 
[ lon __|Уос=56%, ___Мозољу mno —| ______-| | 
Omusmgd | —  —2| ——  —— | 
Voc = 3.6 V, lo = 0, |Омризом | —  — 30|] — —— — a3| 
disabled 
е [юше ИС ш 
x G [озу [э [= [= 





T All typical values are at Voc = 3.3 V, ТА = 25°С. 

+ For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
§ Unused pins at Усс or GND 

1 The parameter (пога) includes the off-state output leakage current. 

# This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND. 
NOTE 4: Product preview specifications are design goals only and are subject to change without notice. 
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timing requirements over recommended operating free-air temperature range (unless otherwise 
noted) (test mode) (see Note 4 and Figure 14) | 


SN54LVTH18245 SN74LVTH18245 
Voc = 3.3 V Ж Vec = 3.3 V = 


Glock бютеу [x И ______ о s Pu 
и Pulse duraton | TOK high oriow э [№ | 


№ 
А, В, DIR, or OE before ТСКТ 
tsu Setup time TDI before TCKÎ 
TMS before TCKT 
h 


| A.B, DIR, or OE дет | в 
` нафте __ [TDraterTCKT pue Duc 














TMS after TCKT 
а Delay time Power up to TCKT 
ТҮШ 


NOTE 4: Product preview specifications are design goals only and are subject to change without notice. 
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switching characteristics over recommended operating free-air temperature range (unless 
otherwise noted) (normal mode) (see Note 4 and Figure 14) 


SN54LVTH18245 SN74LVTH18245 
FROM 
(INPUT) 


TO Усс = 3.3 V - Усс = 3.3 V = : 
PARAMETER (OUTPUT) t 0.3 V Усс-2.7У 0.3 V Voc =2.7V UNIT 
"x > е 
PLH Aor B BorA 









pesce] 
En ЕЕ сс ЈЕ 
Eruca a! 
а б ү =з ИВ 


tPHZ 
tPLZ 


02 
o 
= 
> 





switching characteristics over recommended operating free-air temperature range (unless 
otherwise noted) (test mode) (see Note 4 and Figure 14) 


SN54LVTH18245 SN74LVTH18245 


FROM Voc 23.3 V E Voc 23.3 У E 
PARAMETER (INPUT) ква ЕЕ" Voc 227 V Vcc-27V | UNIT 


TO 
(OUTPUT) 
| ____пах | току Saas 
_ | 1,25. | 
PLH TCKL AorB 





zn ee s НИИ 
коз Ue 
T т 


о 

EE | e | 3 sj) | 
РЕН тек; AorB 

а КЕТКЕ КЕЙ 
PzH TCKL TDO 


|______| ____-_| 46 _ 7] - . | 
ЖЫНЫН scu ВСС ИШЕТ БЕЛЕШЕП 
CHE тск 


NOTE 4: Product preview specifications are design goals only and are subject to change without notice. 
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recommended operating conditions 


| Мос Supplyvotage | 2 36] 27 396) v | 
Мн High-levelinputvottage р 
[Vi — Lowlvelnputvotago р 08 v 
plc S ae EIE 


Арто __| — | o 
High-level output current Е 
ври __________->| = 


Аройо 60 | a 

OL Low-level output current 
вое] " 
БЇ Lowlevel output current A por or TDO HH 
At/Av Input transition rise or fall rate Outputs enabled 10] ам | 
ТА Operating free-air temperature | -55 125 -40 85 


T Current duty cycle < 50%, f 2 1 kHz 










< 






< 






< 






< 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) (see Note 4) 


PARAMETER TEST CONDITIONS АШ, SM АЈА UNIT 
MIN ТҮРІ МАХ МІМ ТҮРІ МАХ 


e n pere. i Ve 


| Усс = MIN to МАХ, юн=-100 А _ | loH = –100 pA Усс-0.2 Усс-0.2 
ЕАСИ pe ee OM 
шс Е: ee ee == 
VOH 
Тон ата = с а —— 
Voc =3V 
D ITEM ee 


ars NET ЕП — 


ид poc wm 
Vi 2.7V 
сс- шам e eee шш 
| Поа тета |, тро 
Vou NEET [sf — s| v 
veo=3v ови] L 7 7 7 s | 












А = a овај 
вата Jeron НОС ов 


Усс = 3.6 V, Vi = Voc or GND 
со = cc DIR, TCK 
[Усс = бо МАХ, — Vie 55V | сесолаи у 222240002010 


[М =55У | 

изе p a ee 
Е [— 3s | 2 — 
с ит 557 Г 

uc 2 Z лиен! 








Сю |Мсс-0 E TE OA 
TET НЕВЕН ВЕНУ Бр ЕЙ ET 
ери paw e a ВАН: SR Шен 


О и ооо уи со = о == 
ПИ КЕ СТ ХИ ОО ОЕ ООС И 
Слово |Усс-0015М% — Vo-0SversV 
[oro |Усс-15У00,  Vo-0SVorV 

СТТ — — —— ПОЕТ 
B о-о, мем [asf s], 


VI = Vcc or GND re 
disabled 
мес“ Voc = 3 V to 3.6 V, One input at Voc - 0.6 V, 
Other inputs at Vcc ог GND 





БЕСТЕН НИНА 
[oe — [vo=8vord peces 
И ЕЕ Cs ea RE ИЕ 





T All typical values are at Voc = 3.3 V, ТА = 25°С. 

+ For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
S Unused pins at Vcc or GND 

1 The parameter li(hold) includes the off-state output leakage current. 

# This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND. 
NOTE 4: Product preview specifications are design goals only and are subject to change without notice. 
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timing requirements over recommended operating free-air temperature range (unless otherwise 
noted) (test mode) (see Note 4 and Figure 14) 


SN54LVTH182245 SN74LVTH182245 
Voc =3.3 V и Усс = 3.3 V " 











Гаоск — Clock frequency 
t Pulse duration TCK high or low 
t 


K pe s] 
" | 1 
A, B, DIR, or OE before TCK? | | 
su Setup time TDI before TCKT НІН Ea 
h a 
а 
Г 





[25 | 
Poo ee ceu 
= GE БА 
с. 

| | 


NOTE 4: Product preview specifications are design goals only and are subject to change without notice. 
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switching characteristics over recommended operating free-air temperature range (unless 
otherwise noted) (normal mode) (see Note 4 and Figure 14) 


SN54LVTH182245 SN74LVTH182245 
FROM TO Усс 23.8 V _ Voc =3.3V _ 
PARAMETER (МРОТ) (OUTPUT) Voc = 2.7 V Voc 227V | UNIT 


— 


ШЕН ШЕН B | вод w нае 
[тш — = == = = = 


| peque p 












switching characteristics over recommended operating free-air temperature range (unless 
otherwise noted) (test mode) (see Note 4 and Figure 14) 


SN54LVTH182245 SN74LVTH182245 
FROM то Voc = 3.3 V Voc = 3.8 V 
PARAMETER (МРОТ) (OUTPUT) Voc = 2.7 V Усс-27У | UNIT 


«x г лш И E мн: 






— 
PLH ТСК AorB 

tPHL ЕКЕН ЕНЕ oe ae 
ee ees ae рай 

PLH ТСК TDO 

tPHL Oo ү ү 7 | 
T ee ертс. ч] 

РЕН TCKL AorB 

tPZL ЯН IEEE SC XE E 






tpzL | НЕДЕН UE RENE ae 
E cro субе epu у] 
РН? теку AorB 
eae ane ӘКЕТТІ ee 
Шан j| s S | 
Priz TCKL 
ШЕШЕН eee Ge ee, DENN 





NOTE 4: Product preview specifications are design goals only and are subject to change without notice. 
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PARAMETER MEASUREMENT INFORMATION 


o V 






O Open 





From Output 
Under Test GND 
econ tPLH/tPHL 
L=5 5000 tPLZ/tpzL 
(see Note A) tPHZ/PZH 
LOAD CIRCUIT 
Timing Input 
4— — tw — 
| 
| | 27V 
i | | 2.7 V 
nput 1.5 V 15V Data Input М АБУ V 45V 
оу 0v 
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS 
PULSE DURATION SETUP AND HOLD TIMES 
27У 2.7 V 
Input Y К 15v Output Казу Каву 
| | ov Control | | оу 
| | Ра Эр 4 | 
'PLH 746—959 <-> tPHL | tory -Р l4- 
| | 3v 
| 


ИМ w Sei — РД == 
aveform 1 1.5 V 
Output | 15V | TY V S1at6V | VoL + 03 V VoL 
OL (see Note B) | 


| 
| | | t 
tPHL $ | РЕН tpzH + len Es М 


Output 


| | Уон | 27% ста, Мон 
Waveform 2 Мон -0.3М 
Output 15V 15V $1 а! GND 1.5 V me 


——— VoL (see Note B) 


VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES ENABLE AND DISABLE TIMES 
INVERTING AND NONINVERTING OUTPUTS LOW- AND HIGH-LEVEL ENABLING 


NOTES: A. Сү includes probe and jig capacitance. 
B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 
C. Allinput pulses are supplied by generators having the following characteristics: РАН < 10 MHz, Zo = 50 O, tp < 2.5 ns, {< 2.5 ns. 
D. The outputs are measured one at a time with one transition per measurement. 


Figure 14. Load Circuit and Voltage Waveforms 
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SN54LVTH18512, SN54LVTH182512... HKC PACKAGE 
SN74LVTH18512, SN74LVTH182512... DGG PACKAGE 
(TOP VIEW) 


€ Members of the Texas Instruments 
SCOPE™ Family of Testability Products 


е Members of the Texas Instruments 
Widebus™ Family 







1CLKBA Ц1 64 | 1CLKAB 


е State-of-the-Art 3.3-V ABT Design Supports 1LEBA [lo 631] 1LEAB 
Mixed-Mode Signal Operation (5-V Input 10EBA П з во] ТОБАВ _ 
and Output Voltages With 3.3-V Усс) 181 Па eill 1А1 

@ Support Unregulated Battery Operation 1B2 U5 601] 1A2 
Down to 2.7 V GND [6 591] GND 

€ ИВТ“ (Universal Bus Transceiver) 183 Ц7 58 1A3 
Combines D-Type Latches and D-Type 184 Цв 57 || 1A4 
Flip-Flops for Operation in Transparent, Усс 9 56 Vcc 
Latched, or Clocked Mode 185 Ц 10 55) 1А5 


€ Bus Hold on Data Inputs Eliminates the 
Need for External Pullup Resistors 

о B-Port Outputs of 'LVTH182512 Devices 
Have Equivalent 25-Q Series Resistors, So 
No External Resistors Are Required 





oe 281 [16 49 2А1 
© Compatible With the IEEE Standard 282 [17 48 2A2 
1149.1-1990 (JTAG) Test Access Port and 283 [18 471] 2A3 
Boundary-Scan Architecture | 2B4 [19 46 i 2A4 
e SCOPE" Instruction Set GND [120 45) GND 
— |EEE Standard 1149.1-1990 Required 2B5 [121 44 2А5 
Instructions and Optional CLAMP апа 286 Ц22 — 43[12A6 
HIGHZ 287 [23 — 421] 2A7 
— Parallel-Signature Analysis at Inputs Voc [24 — 41[] Voc 
- Pseudo-Random Pattern Generation 288 [125 40 2А8 
_ From Outputs 289 [26 — so[] 2A9 
- Sample Inputs/Toggle Outputs GND [27 зв GND 

- Binary Count From Outputs 2OEBA П в 37 | 2ОЕАВ 

- Device Identification 21 ЕВА [29 36[] 2 ЕАВ 


- Even-Parity Opcodes 


2CLKBA [| 30 
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€ Packaged in 64-Pin Plastic Thin Shrink тро Пз1 TDI 
Small Outline (DGG) and 64-Pin Ceramic TMS [132 ззћтск 
Dual Flat (HKC) Packages Using 0.5-mm : 
Center-to-Center Spacings 


description 


The 1УТН18512 and 'LVTH182512 scan test devices with 18-bit universal bus transceivers are members of 
the Texas Instruments SCOPE™ testability integrated-circuit family. This family of devices supports IEEE 
Standard 1149.1-1990 boundary scan to facilitate testing of complex circuit-board assemblies. Scan access to 
the test circuitry is accomplished via the 4-wire test access port (TAP) interface. 


Additionally, these devices are designed specifically for low-voltage (3.3-V) Vcc operation, but with the 
Capability to provide a TTL interface to a 5-V system environment. 


SCOPE, Widebus, and UBT are trademarks of Texas Instruments incorporated. | 


PRODUCT PREVIEW Information concems products In the formative ог Copyright © 1996, Texas Instruments Incorporated 
design phase of development. Characteristic data and other i 

speclicatona are design goals. Texas Instruments reserves the right to 

change or discontinue these products without notice. I EXAS 
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description (continued) 


Inthe normal mode, these devices are 18-bit universal bus transceivers that combine D-type latches and D-type 
flip-flops to allow data flow in transparent, latched, or clocked modes. They can be used either as two 9-bit 
transceivers or one 18-bit transceiver. The test circuitry can be activated by the TAP to take snapshot samples 
of the data appearing at the device pins or to perform a self test on the boundary-test cells. Activating the TAP 
in the normal mode does not affect the functional operation of the SCOPE™ universal bus transceivers. 


Data flow in each direction is controlled by output-enable (OEAB and OEBA), latch-enable (LEAB and LEBA), 
and clock (CLKAB and CLKBA) inputs. For A-to-B data flow, the devices operate in the transparent mode when 
LEAB is high. When LEAB is low, the A-bus data is latched while CLKAB is held at a static low or high logic level. 
Otherwise, if LEAB is low, A-bus data is stored on a low-to-high transition of CLKAB. When OEAB is low, the 
B outputs are active. When OEAB is high, the B outputs аге in the high-impedance state. B-to-A data flow is 
similar to A-to-B data flow but uses the OEBA, LEBA, and CLKBA inputs. 


In the test mode, the normal operation of the SCOPE™ universal bus transceivers is inhibited, and the test 
circuitry is enabled to observe and contro! the I/O boundary of the device. When enabled, the test circuitry 
performs boundary-scan test operations according to the protocol described in IEEE Standard 1149.1-1990. 





Four dedicated test pins are used to observe and control the operation of the test circuitry: test data input (TDI), 
test data output. (TDO), test mode select (TMS), and test clock (ТСК). Additionally, the test circuitry performs 
other testing functions such as parallel-signature analysis (PSA) on data inputs and pseudo-random pattern 
generation (PRPG) from data outputs. All testing and scan operations are synchronized to the TAP interface. 


Active bus-hold circuitry is provided to hold unused or floating data inputs at a valid logic level. 


The B-port outputs of 'LVTH182512, which are designed to source or sink up to 12 mA, include 25-Q series 
resistors to reduce overshoot and undershoot. 


The SN74LVTH18512 and SN74LVTH182512 are available іп Tl's thin shrink small-outline package, which 
provides twice the I/O pin count and functionality of the standard small-outline packages in the same 
printed-circuit-board area. 


The SN54LVTH18512 and SN54LVTH182512 are characterized for operation over the full military temperature 


range of —55°C to 125°C. The SN74LVTH18512 and SN74LVTH182512 are characterized for operation from 
—40°С to 85°С. 


FUNCTION TABLET 
(normal mode, each register) 


INPUTS : 


OEAB LEAB  CLKAB 


L 





t A-to-B data flow is shown. B-to-A data flow is similar 
but uses OEBA, LEBA, and CLKBA. 


+ Output level before the indicated steady. 


Ws IV YS wvv Y у малаа Ке: 


conditions were established 
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functional block diagram 


Boundary-Scan Register 
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Terminal Functions 
TERMINAL NAME DESCRIPTION 


1815109, Normal-function A-bus I/O ports. See function table for normal-mode logic. 
2А1-2А9 

1B1-1B9, : Е А 
2B1-2B9 Normal-function B-bus I/O ports. See function table for normal-mode logic. 
1CLKAB, 1CLKBA, 

ссы АВ, 2СІКВА Normal-function clock inputs. See function table for normal-mode НИ 


1LEAB, ERR 
2LEAB, 2LEBA Normal-function latch enables. See function table for normal-mode logic. 


1ОЕАВ, 1OEBA, Normal-function output enables. See function table for normal-mode logic. An internal pullup at each terminal forces the 
ФОЕАВ, 20EBA terminal to a high level if left unconnected. 


















Test clock. One of fourterminals required by IEEE Standard 1149.1-1990. Test operations of the device are synchronous 
to TCK. Data is captured on the rising edge of TCK and outputs change on the falling edge of TCK. 


Test data input. One of four terminals required by IEEE Standard 1149.1-1990. TDI is the serial input for shifting data 
through the instruction register or selected data register. An internal pullup forces TD! їо a high level if left unconnected. 


Test data output. One of four terminals required by IEEE Standard 1149.1-1990. TDO is the serial output for shifting data 
through the instruction register or selected data register. 


Test mode select. One of four terminals required by IEEE Standard 1149.1-1990. TMS directs the device through its ТАР 
controller states. An internal pullup forces TMS to a high level if left unconnected. 


Supply voltage 











мамачна LONGOUd 
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test architecture 


Serial-test information is conveyed by means of a 4-wire test bus or TAP, that conforms to IEEE Standard 
1149.1-1990. Test instructions, test data, and test control signals all are passed along this serial-test bus. The 
TAP controller monitors two signals from the test bus, TCK and TMS. The TAP controller extracts the 
synchronization (TCK) and state control (TMS) signals from the test bus and generates the appropriate on-chip 
control signals for the test structures in the device. Figure 1 shows the TAP-controller state diagram. 


The TAP controller is fully synchronous to the TCK signal. Input data is captured on the rising edge of TCK and 
output data changes on the falling edge of TCK. This scheme ensures data to be captured is valid for fully 
one-half of the TCK cycle. 


The functional block diagram shows the IEEE Standard 1149.1-1990 4-wire test bus and boundary-scan 
architecture and the relationship among the test bus, the TAP controller, and the test registers. As shown, the 
device contains an 8-bit instruction register and four test-data registers: a 48-bit boundary-scan register, a 3-bit 
boundary-control register, a 1-bit bypass register, and a 32-bit device identification register. 


Test-Logic-Reset 





TMS = Н 








Select-DR-Scan 


Capture-DR 





Run-Testidle Select-IR-Scan 








| TMS кі. 


| TMS = L 
TMS =H 
TMS =H 
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TMS = L 












Figure 1. TAP-Controller State Diagram 





PRODUCT PREVIEW 


маглачна топаоча 


SN54LVTH18512, SN54LVTH182512, SN74LVTH18512, SN74LVTH182512 
3.3-М ABT SCAN TEST DEVICES 


. WITH 18-BIT UNIVERSAL BUS TRANSCEIVERS 


SCBS671 - AUGUST 1996 
state diagram description 


The TAP controller is a synchronous finite state machine that provides test control signals throughout the device. 
The state diagram shown in Figure 1 is in accordance with IEEE Standard 1149.1-1990. The TAP controller 
proceeds through its states based on the level of TMS at the rising edge of TCK. 


As shown, the TAP controller consists of 16 states. There are six stable states (indicated by a looping arrow in 
the state diagram) and ten unstable states. A stable state is a state the TAP controller can retain for consecutive 
TCK cycles. Any state that does not meet this criterion is an unstable state. 


There are two main paths through the state diagram: one to access and control the selected data register and 
one to access and control the instruction register. Only one register can be accessed at a time. 


Test-Logic-Reset 


The device powers up in the Test-Logic-Reset state. In the stable Test-Logic-Reset state, the test logic is reset 
and is disabled so that the normal logic function of the device is performed. The instruction register is reset to 
an opcode that selects the optional IDCODE instruction, if supported, or the BYPASS instruction. Certain data 
registers can also be reset to their power-up values. 


The state machine is constructed such that the TAP controller returns to the Test-Logic-Reset state in no more 
than five TCK cycles if TMS is left high. The TMS pin has an internal pullup resistor that forces it high if left 
unconnected or if a board defect causes it to be open circuited. 


For the 'LVTH18512 and 'LVTH182512, the instruction register is reset to the binary value 10000001, which 
selects the IDCODE instruction. Bits 47-44 in the boundary-scan register are reset to logic 1, ensuring that 
these cells, which control A-port and B-port outputs, are set to benign values (i.e., if test mode were invoked 
the outputs would be at the high-impedance state). Reset-value of other bits in the boundary-scan register 
should be considered indeterminate. The boundary-control register is reset to the binary value 010, which 
selects the PSA test operation. 


Run-Test/Idle 


The TAP controller must pass through the Run-Test/ldle state (from Test-Logic-Reset) before executing any test 
operations. The Run-Test/Idle state also can be entered following data-register or instruction-register scans. 
Run-Test/Idle is a stable state in which the test logic can be actively running a test or can be idle. The test 
operations selected by the boundary-control register are performed while the TAP controller is in the 
Run-Test/ldle state. 


Select-DR-Scan, Select-IR-Scan 


No specific function is performed in the Select-DR-Scan and Select-IR-Scan states, and the TAP controller exits 
either of these states on the next TCK cycle. These states allow the selection of either data-register scan or 
instruction-register scan. 


Capture-DR 


When a data-register scan is selected, the TAP controller must pass through the Capture-DR state. In the 
Capture-DR state, the selected data register captures a data value as specified by the current instruction. Such 
capture operations occur on the rising edge of TCK, upon which the TAP controller exits the Capture-DR state. 
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Shift-DR 


Upon entry to the Shift-DR state, the data register is placed in the scan path between TDI and TDO, and on the 
first falling edge of TCK, TDO goes from the high-impedance state to an active state. TDO enables to the logic 
level present in the least-significant bit of the selected data register. 


While in the stable Shift-DR state, data is serially shifted through the selected data register on each TCK cycle. 
The first shift occurs on the first rising edge of TCK after entry to the Shift-DR state (i.e., no shifting occurs during 
the TCK cycle in which the TAP controller changes from Capture-DR to Shift-DR or from Exit2-DR to Shift-DR). 
The last shift occurs on the rising edge of TCK, upon which the TAP controller exits the Shift-DR state. 


Exit1-DR, Exit2-DR 


The Exit1-DR and Exit2-DR states are temporary states that end a data-register scan. It is possible to return 
to the Shift-DR state from either Exit1-DR or Exit2-DR without recapturing the data register. On the first falling 
edge of TCK after entry to Exit1-DR, TDO goes from the active state to the high-impedance state. 


Pause-DR 


No specific function is performed in the stable Pause-DR state, in which the TAP controller can remain 
indefinitely. The Pause-DR state suspends and resumes data-register scan operations without loss of data. 


Update-DR 


If the current instruction calls for the selected data register to be updated with current data, such update occurs 
on the falling edge of TCK, following entry to the Update-DR state. 


Capture-IR 


When an instruction-register scan is selected, the TAP controller must pass through the Capture-IR state. in 
the Capture-IR state, the instruction register captures its current status value. This capture operation occurs 
on the rising edge of ТСК, upon which the TAP controller exits the Capture-IR state. For the 'LVTH18512 and 
'LVTH182512, the status value loaded in the Capture-IR state is the fixed binary value 10000001. 


Shift-IR 


Upon entry to the Shift-IR state, the instruction register is placed in the scan path between TDI and ТОО. Оп 
the first falling edge of TCK, TDO goes from the high-impedance state to the active state. TDO enables to the 
logic level present in the least-significant bit of the instruction register. 


While in the stable Shift-IR state, instruction data is serially shifted through the instruction register on each TCK 
cycle. The first shift occurs on the first rising edge of TCK after entry to the Shift-IR state (i.e., no shifting occurs 
during the TCK cycle in which the TAP controller changes from Capture-IR to Shift-IR or from Exit2-IR to 
Shift-IR). The last shift occurs on the rising edge of TCK, upon which the TAP controller exits the Shift-IR state. 


Exit1-IR, Exit2-IR 


The Exit1-IR and Exit2-IR states are temporary states that end an instruction-register scan. It is possible to 
return to the Shift-IR state from either Exit1-IR or Exit2-IR without recapturing the instruction register. On the 
first falling edge of TCK after entry to Exit1-IR, TDO goes from the active state to the high-impedance state. 


Pause-IR 


No specific function is performed in the stable Pause-IR state, in which the TAP controller can remain 
indefinitely. The Pause-IR state suspends and resumes instruction-register scan operations without loss 
of data. 


Update-IR 


The current instruction is updated and takes effect on the falling edge of TCK, following entry to the 
Update-IR state. 
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register overview 


With the exception of the bypass and device-identification registers, any test register can be thought of as a 
serial shift register with a shadow latch on each bit. The bypass and device-identification registers differ in that 
they contain only a shift register. During the appropriate capture state (Capture-IR for instruction register, 
Capture-DR for data registers), the shift register can be parallel loaded from a source specified by the current 
instruction. During the appropriate shift state (Shift-IR or Shift-DR), the contents of the shift register are shifted 
out from TDO while new contents are shifted in at TDI. During the appropriate update state (Update-IR or 
Update-DR), the shadow latches are updated from the shift register. 


instruction register description 


The instruction register (IR) is eight bits long and tells the device what instruction is to be executed. Information 
contained in the instruction includes the mode of operation (either norma! mode, in which the device performs 
its normal logic function, or test mode, in which the normal logic function is inhibited or altered), the test operation 
to be performed, which of the four data registers is to be selected for inclusion in the scan path during 
data-register scans, and the source of data to be captured into the selected data register during Capture-DR. 


Table 3 lists the instructions supported by the ’LVTH18512 and ’LVTH1 82512. The even-parity feature specified 
for SCOPE™ devices is supported in this device. Bit 7 of the instruction opcode is the parity bit. Any instructions 
that are defined for SCOPE™ devices but are not supported by this device default to BYPASS. 


During Capture-IR, the IR captures the binary value 10000001. As an instruction is shifted in, this value is shifted 
out via TDO and can be inspected as verification that the IR is in the scan path. During Update-IR, the value 
that has been shifted into the IR is loaded into shadow latches. At this time, the current instruction is updated 
and any specified mode change takes effect. At power up or in the Test-Logic-Reset state, the IR is reset to the 
binary value 10000001, which selects the IDCODE instruction. The IR order of scan is shown in Figure 2. 


ви7 
Bit 0 


Figure 2. Instruction Register Order of Scan 
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data register description 


boundary-scan register 


The boundary-scan register (BSR) is 48 bits long. It contains one boundary-scan cell (BSC) for each 
normal-function input ріп and one BSC for each normat-function I/O pin (one single cell for both input data and 
output data). The BSR is used 1) to store test data that is to be applied externally to the device output pins, 
and/or 2) to capture data that appears internally at the outputs of the normal on-chip logic and/or externally at 
the device input pins. 


The source of datato be captured into the BSR during Capture-DR is determined by the current instruction. The 
contents of the BSR can change during Run-Test/ldle as determined by the current instruction. At power ир or 
in Test-Logic-Reset, BSCs 47-44 are reset to logic 1, ensuring that these cells, which control A-port and B-port 
outputs are set to benign values (i.e., if test mode were invoked, the outputs would be at the high-impedance 
state). Reset values of other BSCs should be considered indeterminate. | 


The BSR order of scan is from TDI through bits 47-0 to ТОО. Table 1 shows the BSR bits and their associated 
device pin signals. 


Table 1. Boundary-Scan Register Configuration 


NUMBER SIGNAL NUMBER SIGNAL NUMBER SIGNAL 
а | в | 3 | zero | 16 [ 2860 | 
а | Жюл | з [мо | [тю | 
Па cues | sr [ею [№ [| ао | 
[аюв | s [мб | № | ао | 
[a | cea | № | 2490 [м | eso | 
[шл | № | uo | ю | 28210 | 
[ 3 | ава | z | wo | $9 | вно | 
[se | ue [ z [ suo [в | вю | 
зе | вл [| м [ eno | s | вю | 
= [| z [uso | s | вю | 
ЕЕ > тво [4 [вю | 
Е = Га но | s | вю | 
ЕЕ = Го uso [L z [вю | 
Е = Го | юрт T вю | 
ЕЕ [| G [mo [о | вю | 
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boundary-control register 


The boundary-control register (BCR) is three bits long. The BCR is used in the context of the boundary-run test 
(RUNT) instruction to implement additional test operations not included in the basic SCOPE?" instruction set. 
Such operations include PRPG, PSA, and binary count up (COUNT). Table 4 shows the test operations that 
are decoded by the BCR. 


During Capture-DR, the contents of the BCR are not changed. At power up or in Test-Logic-Reset, the BCR is 
resetto the binary value 010, which selects the PSA test operation. The BCR order of scan is shown in Figure 3. 


TDI TDO 





Figure 3. Boundary-Control Register Order of Scan 


bypass register 


The bypass register is a 1-bit scan path that can be selected to shorten the length of the system scan path, 
reducing the number of bits per test pattern that must be applied to complete a test operation. During 
Capture-DR, the bypass register captures a logic 0. The bypass register order of scan is shown in Figure 4. 


Figure 4. Bypass Register Order of Scan 


Бы —— LECCE DEM ли“ _______-_____--- о "а- "о" жола _____________ EY әле NEE RN к: 
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device-identification register 


The device-identification register (IDR) is 32 bits long. It can be selected and read to identify the manufacturer, 
part number, and version of this device. 


For the 'LVTH18512, the binary value 00000000000000111011000000101111 (0003ВО2Ғ, hex) is captured 
(during Capture-DR state) in the IDR to identify this device as Texas Instruments SN54/74LVTH18512. 


For the 1УТН182512, the binary value 000000000000001 111000000001 01111 (0003CO2F, hex) is captured 
(during Capture-DR state) in the device-identification register to identify this device as Texas Instruments 
SN54/74LVTH182512. 


The IDR order of scan is from TDI through bits 31—0 to ТОО. Table 2 shows the IDR bits and their significance. 


Table 2. Device-Identification Register Configuration 


NUMBER SIGNIFICANCE NUMBER SIGNIFICANCE NUMBER SIGNIFICANCE 
7-9 | меню — | % | ammuweER | 10 | MANUFACTUREROOT | 
[> [versions — | в | Рлатмомвен | © [ MANUFACTUREROSI | 
[= | менвом — | м | PARTNUMBERI2 | 8 | MANUFACTURERO | 
= [= [в | manus | 7 | MANUFACTUREROOT | 
Е = Га [ рматмумвено | 5 | MANUFACTURER05T | 
ЕЕ = [Га Рамимомевно | 5  |MVANUEACTURERG: | 
= | = [о | влатмомевно | 4 | мАМОРАСТОВЕОЗ | 
| о [| влвичомвено” | 3 | MANUFACTURER02T | 
Пе 1 ремень [| 2 | мАМОРАСТОАЕНОТ | 
P| ü | ремне | + | WANUFACTUREROOT_ 
Е = | w | _вавтмомвевоа | o | пост — | 
р eme | — [| — _| 
= = | w мене | — L — J] 
[E шеше | — үз 
[| ме | — L — —— Jj] 


T Note that for TI products, bits 11—0 of the device-identification register always contain the binary value 000000101111 
(02F, hex). 
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instruction-register opcode description 


The instruction-register opcodes are shown in Table 3. The following descriptions detail the operation of 
each instruction. 


Table 3. Instruction-Register Opcodes 


BINARY CODET 
BIT 7 > ВТО SCOPE OPCODE DESCRIPTION SELECTED DATA 
| REGISTER 
MSB - LSB 


Device identification 
[100 | SAMPLE/PRELOAD | Samplebounday | Boundary scan | Normal 
оооп — | ви" [Вуз [Виз Normal — 
шоо | Bveasst — | — Ву — | бе | Мота | 
[ ooo | — avrass? | — — — —Bwpasssan — | — Bypass___ | Мота | 
Ошооо | eveass | — — Вим | Әз — | Normal | 
ooo | READEN — | — Boundary reaa — | Boundary soan [| Мота | 
Г соч | скит | Boundary seitest_[ Boundary scan — | Кота | 
[ юою | SCANCN — | __Boundary-control register scan — | Boundary control | Мота | 
ада | evens — | Буран — | бе [ тота | 


T Bit 7 is used to maintain even parity in the 8-bit instruction. : 
t The BYPASS instruction is executed in lieu of a SCOPE" instruction that is not supported in the 'LVTH18512 or 'VTH182512. 



























boundary scan 


This instruction conforms to the IEEE Standard 1149.1-1990 EXTEST instruction. The BSR is selected in the 
scan path. Data appearing at the device input and I/O pins is captured in the associated BSCs. Data that has 
been scanned into the I/O BSCs for pins in the output mode is applied to the device I/O pins. Data present at 
the device pins, except for output enables, is passed through the BSCs to the normal on-chip logic. For I/O pins, 
the operation of a pin as input or output is determined by the contents of the output-enable BSCs (bits 47—44 
of the BSR). When a given output enable is active (logic 0), the associated I/O pins operate in the output mode. 
Otherwise, the I/O pins operate in the input mode. The device operates in the test mode. 


identification read 


This instruction conforms to the IEEE Standard 1149.1-1990 IDCODE instruction. The IDR is selected in the 
scan path. The device operates in the normal mode. 


sample boundary 


This instruction conforms to the IEEE Standard 1149.1-1990 SAMPLE/PRELOAD instruction. The BSR is 
selected in the scan path. Data appearing at the device input pins and I/O pins in the input mode is captured 
in the associated BSCs, while data appearing at the outputs of the normal on-chip logic is captured in the BSCs 
associated with I/O pins in the output mode. The device operates in the normal mode. 
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bypass scan 


This instruction conforms to the IEEE Standard 1149.1-1990 BYPASS instruction. The bypass register is 
selected in the scan path. A logic 0 value is captured in the bypass register during Capture-DR. The device 
operates in the normal mode. | 


control boundary to high impedance 


This instruction conforms to the IEEE Standard 1149.1a-1993 HIGHZ instruction. The bypass register is 
selected in the scan path. A logic 0 value is captured in the bypass register during Capture-DR. The device 
operates in a modified test mode in which all device I/O pins are placed in the high-impedance state, the device 
input pins remain operational, and the normal on-chip logic function is performed. 


contro! boundary to 1/0 


This instruction conforms to the IEEE Standard 1149.1a-1993 CLAMP instruction. The bypass register is 
selected in the scan path. A logic 0 value is captured in the bypass register during Capture-DR. Data in the /О 
BSCs for pins in the output mode is applied to the device I/O pins. The device operates in the test mode. 


boundary-run test 


The bypass register is selected in the scan path. A logic 0 value is captured in the bypass register during 
Capture-DR. The device operates in the test mode. The test operation specified in the BCR is executed during 
Run-Test/Idle. The five test operations decoded by the BCR are: sample inputs/toggle outputs (TOPSIP), 
PRPG, PSA, simultaneous PSA and PRPG (PSA/PRPG), and simultaneous PSA and binary count up 
(PSA/COUNT). 


boundary read 


The BSR is selected in the scan path. The value in the BSR remains unchanged during Capture-DR. This 
instruction is useful for inspecting data after a PSA operation. 


boundary self test 


The BSR is selected in the scan path. All BSCs capture the inverse of their current values during Capture-DR. 
In this way, the contents of the shadow latches can be read out to verify the integrity of both shift-register and 
shadow-latch elements of the BSR. The device operates in the normal mode. 


boundary toggle outputs 


The bypass register is selected in the scan path. A logic 0 value is captured in the bypass register during 
Capture-DR. Data in the shift-register elements of the selected output-mode BSCs is toggled on each rising 
edge of TCK in Run-Test/Idle and is then updated in the shadow latches and thereby applied to the associated 
device I/O pins on each falling edge of TCK in Run-Test/ldle. Data in the input-mode BSCs remains constant. 
Data appearing at the device input or I/O pins is not captured in the input-mode BSCs. The device operates in 
the test mode. 


boundary-control-register scan 


The BCR is selected in the scan path. The value in the BCR remains unchanged during Capture-DR. This 
operation must be performed before a boundary-run test operation to specify which test operation is to 
be executed. 





5 TEXAS 
INSTRUMENTS 


POST OFFICE BOX 655303 9 DALLAS, TEXAS 75265 6-49 


PRODUCT PREVIEW 


мамана гопаона 


SN54LVTH18512, SN54LVTH182512, SN74LVTH18512, SN74LVTH182512 
3.3-V ABT SCAN TEST DEVICES 
WITH 18-BIT UNIVERSAL BUS TRANSCEIVERS 


SCBS671 - AUGUST 1996 


boundary-control-register opcode description 


The BCR opcodes are decoded from BCR bits 2-0 as shown т Table 4. The selected test operation is performed 
while the RUNT instruction is executed in the Run-Test/Idle state. The following descriptions detail the operation 
of each BCR instruction and illustrate the associated PSA and PRPG algorithms. 


Table 4. Boundary-Control Register Opcodes 


BINARY CODE 
BIT 2 — BIT O DESCRIPTION 
MSB > LSB 


X00 Sample inputs/toggle outputs (TOPSIP) 


x; 
от 





While the control input BSCs (bits 47—36) are not included in the toggle, PSA, PRPG, or COUNT algorithms, 
the output-enable BSCs (bits 47-44 of the BSR) control the drive state (active or high impedance) of the selected 
device output pins. These BCR instructions are only valid when both bytes of the device are operating in one 
direction of data flow (i.e., 1 OEAB z 1OEBA and 2OEAB z 2ОЕВА) and in the same direction of data flow (i.e., 
1OEAB = 2ОЕАВ and 1ОЕВА = 2ОЕВА). Otherwise, the bypass instruction is operated. 


























sample inputs/toggle outputs (TOPSIP) 


Data appearing at the selected device input-mode ИО pins is captured in the shift-register elements of the 
associated BSCs on each rising edge of TCK. Data in the shift-register elements of the selected output-mode 
BSCs is toggled on each rising edge of TCK, updated in the shadow latches, and applied to the associated 
device I/O pins on each falling edge of TCK. 


EXORTU --__-__--_-_----------____-_-_______–________-______|___-_ ___.-___-_-_______--_-_______-___- __ _____-________--____-__<-_~ | 
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pseudo-random pattern generation (PRPG) 


A pseudo-random pattern is generated in the shift-register elements of the selected BSCs on each rising edge 
of TCK, updated in the shadow latches, and applied to the associated device output-mode I/O pins on each 
falling edge of TCK. Figures 5 and 6 show the 36-bit linear-feedback shift-register algorithms through which the 
patterns are generated. An initial seed value should be scanned into the BSR before performing this operation. 
A seed value of all zeroes does not produce additional patterns. 


2A9-/O 2А8-/0 2А7-/0 2А6-/О  2A5-/O 2А4-/О  2A3-/O  2A2-/O 2А1-/0 








1А7-/О 1А6-/О  1A5-l//O 1А4ШО 1A3-l//O 1А2-/0 1А1-/0 


ра gan 


1А9-/0 1А8-/О 








2B9-/O 288-/0 287-10  2B6-/O  2B5-/O 284/0  2B3-/O  2B2-/O 281-/0 


© J > 1B9-/O  1B8-/O  1B7-/O  1B6-/O  1B5-/O 1840  1B3-/O  1B2-l/O 181-/0 


Figure 5. 36-Bit PRPG Configuration (1OEAB = 20EAB = 0, ТОЕВА = 20EBA = 1) 
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2B9-/O 28800 2В7-/О  2B6-/O  2B5-/O  2B4-/O  2B3-/O  2B2-/O 281-/0 






1B9-/O  1B8-/O  1B7-/O  1B6-/O  1B5-/O 1В4-/О  1B3-/O  1B2-/O 1В1-/О 


Sd ct Би пе 











2A9-/O  2A8-/O  2A7-/O  2A06-/O  2A5-/O 2А4-/О 2АЗ-/О 2А2-/0 2А1-/О 


Ф I J > 1А9-/0  1A&l/O 1А7-/О 1А6-/0  1A5-/O  1A4-/O  1A3-/O 1A2-/0 1А1-/0 
Figure 6. 36-Bit PRPG Configuration (1OEAB = 20EAB = 1, ТОЕВА = 20EBA = 0) 
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parallel-signature analysis (PSA) 


Data appearing at the selected device input-mode ИО pins is compressed into a 36-bit parallel signature in the 
shift-register elements of the selected BSCs on each rising edge of TCK. Data in the shadow latches of the 
selected output-mode BSCs remains constant and is applied to the associated device I/O pins. Figures 7 and 8 
show the 36-bit linear-feedback shift-register algorithms through which the signature is generated. An initial 
seed value should be scanned into the BSR before performing this operation. 


2A9-/O 2А8-/0 2А7-/0 2А6-/0 2А5-/0 2А4-/О 2А3-/О 24А2-/0 2А1-/О 


SHEE 












2B9-/O  2B8-/O  2B7-/O  2B6-/O  2B5-/O 284010 2830 2820 281-/0 





1B9-/O  1B8-/O 1В7-/О  1B6-/O  1B5-/O 184/0  1B3-/O  1B2-/O 1В1-/О 








Figure 7. 36-Bit PSA Configuration (1OEAB = 2ОЕАВ = 0, ТОЕВА = 20EBA = 1) 
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2B9-/O  2B8-/O  2B7-/O 286-/0  2B5-/O 284-10  2B3-/O 282-/0 2В1-/О 






1B9-/O  1B8-/O  1B7-/O  1B6-/O  1B5-/O 1В4-/О  1B3-/O  1B2-/O 1В1-/0 


[ej td LS LS LJ C U] 








Figure 8. 36-Bit PSA Configuration (1OEAB = 2ОЕАВ = 1, 10EBA = 20EBA = 0) 
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simultaneous PSA and PRPG (PSA/PRPG) 


Data appearing at the selected device input-mode I/O pins is compressed into an 18-bit parallel signature in 
the shift-register elements of the selected input-mode BSCs on each rising edge of TCK. At the same time, an 
18-bit pseudo-random pattern is generated in the shift-register elements of the selected output-mode BSCs on 
each rising edge of TCK, updated in the shadow latches, and applied to the associated device I/O pins on each 
falling edge of TCK. Figures 9 and 10 show the 18-bit linear-feedback shift-register algorithms through which 
the signature and patterns are generated. An initial seed value should be scanned into the BSR before 
performing this operation. A seed value of all zeroes does not produce additional patterns. 


2A9-/O 2А8-/О 2А70 2А6-/0 2А5-/0 2ҮА4-/О | 2A3-l/O 2А2-/0 — 2A1-I/O 


1А9-/0 1А8-/О 1А7-/0 1А6-/0 1А5-/0 1А4-/О -1A3-/O  1A2-/O 1А1-/О 





iB9-/O  1B8-/O  1B7-/O  1B6-/O  1B5-/O  1B4-/O  1B3-/O  1B2-/O 1В1-/0 








Figure 9. 18-Bit PSA/PRPG Configuration (1OEAB = 20EAB = 0, 10EBA = 2ОЕВА = 1) 
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2В9-/0  2B8-/O 287-00  2B6-/O  2B5-/O 284/0 283-00  2B2-/O 281-/0 





© -J > 1А9-/0 1А8-/О 1А7-/О 1А6-/О 1А5-/0 1А40 1АЗ-/О 1А2-/0 1А1-/О 


Figure 10. 18-ВИ PSA/PRPG Configuration (1ОЕАВ = 2ОЕАВ = 1, ТОЕВА = 2ОЕВА = 0) 
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simultaneous PSA and binary count up (PSA/COUNT) 


Data appearing at the selected device input-mode ИО pins is compressed into an 18-bit parallel signature in 
the shift-register elements of the selected input-mode BSCs on each rising edge of TCK. At the same time, an 
18-bit binary count-up pattern is generated in the shift-register elements of the selected output-mode BSCs on 
each rising edge of TCK, updated in the shadow latches, and applied to the associated device I/O pins on each 
falling edge of TCK. Figures 11 and 12 show the 18-bit linear-feedback shift-register algorithms through which 
the signature is generated. An initial seed value should be scanned into the BSR before performing 
this operation. 
2A9-l/O | 2A8-/O  2AT-/O 2А6-/0 2А5-/0  2A4-l/O 2АЗ-/О 2А2-/0 2А1-О 


1А9-/0  1A8-/O  1A7-/O 1А6-/0  1A5-/O 1А410  1A3-/O  1A2-/O 1А1-/0 





посооворс 


2B9-/O 288-00 2В7-/0  2B6-/O 2850 2840  2B3-/O  2B2-/O 281-/0 


880 попопопоб 


= J > 1B9-/O  1B8-/O 187-/0  1B6-/O  1B5-/O 184/0  1B3-/O 182-/0 1В1-/О 


Figure 11. 18-Bit PSA/COUNT Configuration (1OEAB = 20EAB = 0, 10EBA = 20EBA = 1) 
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2B9-/O 288/0  2B7-/O 286-/0 2850  2B4-/O  2B3-/O 2В2-/0 2В1-/О 





- 


2A9-/O 2А8-/О 2А7-/О 2А6-/0 2А5-/О - 2А4-/О 2АЗ-/О 2А2-/О 2А1-/О 


ТТІ 


1A9-10  1A8-/O 1А7-/0  1A6-/O  1A5-/O 1ҮА4-/0 1АЗ-/О  1A2-/O 1А1-/0 


Figure 12. 18-Bit PSA/COUNT Configuration (1OEAB = 2ОЕАВ = 1, 10EBA = 2ОЕВА = 0) 
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timing description 


All test operations of the ’LVTH18512 and 'LVTH182512 are synchronous to the ТСК signal. Data on the TDI, 
TMS, and normal-function inputs is captured on the rising edge of TCK. Data appears on the TDO and 
normal-function output pins on the falling edge of TCK. The TAP controller is advanced through its states (as 
shown in Figure 1) by changing the value of TMS on the falling edge of TCK and then applying a rising edge 
to TCK. 


A simple timing example is shown in Figure 13. In this example, the TAP controller begins in the 
Test-Logic-Reset state and is advanced through its states, as necessary, to perform one instruction-register 
scan and one data-register scan. While in the Shift-IR and Shift-DR states, TDI is used to input serial data, and 
TDO is used to output serial data. The TAP controller is then returned to the Test-Logic-Reset state. Table 5 
details the operation of the test circuitry during each TCK cycle. 


Table 5. Explanation of Timing Example 


TCK TAP STATE 
CYCLE(S) AFTER TCK DESCRIPTION 
i TMS is changed to a logic O value on the falling edge of TCK to begin advancing the TAP controller toward 


лее | — — — — C C C 
ен БОИ 
sans НОО 


Саре. The IR captures the 8-bit binary value 10000001 оп the rising edge of ТСК as the TAP controller exits the 
Bp Capture-IR state. 


Shift-IR TDO becomes active and TDI is made valid on the falling edge of TCK. The first bit is shifted into the TAP 
R 


















Onebitis shifted into the IR on each TCK rising edge. With TDI heldat a logic 1 value, the 8-bit binary value 
11111111 is serially scanned into the IR. Atthe same time, the 8-bit binary value 10000001 is serially scanned 





out of the IR via TDO. In TCK cycle 13, TMS is changed to a logic 1 value to end the IR scan on the next 






TCK cycle. The last bit of the instruction is shifted as the TAP controller advances from Shift-IR to Exit1-IR. 


| on the rising edge of TCK as the TAP controller advances to the next state. 
Shift-I 


IR 
Exit1-1R TDO becomes inactive (goes to the high-impedance state) on the falling edge of TCK. 
Update-IR The IR is updated with the new instruction (BYPASS) on the falling edge of TCK. 
R 


1 
а 

7-13 
aed 
Ов оо 
NM 
[= | 
[= | 

24 





Capture-DR The bypass register captures a logic 0 value on the rising edge of TCK as the TAP controller exits the 
P Capture-DR state. 

ТОО becomes active and TDI is made valid on the falling edge of TCK. The first bit is shifted into the ТАР 

on the rising edge of TCK as the TAP controller advances to the next state. 


Shift-D The binary value 101 is shifted in via TDI, while the binary value 010 is shifted out via TDO. 





| — Exti-DR | TDO becomes inactive (goes to the high-impedance state) on the falling edge of TCK 
Update-DR The selected data register is updated with the new data on the falling edge of TCK. 
бавно | __________________________ 


Select-IR-Scan 


| 25 | Test-Logic-Reset | Test operation completed 
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 





.TMS | | | | | | 
N NM N N N M N NC NC N M N N N 
то ООО 
тро 
|| ЕЕ | с |= | с т 
8 | 5 X = = + оја G в с 8 
23 5 = 895) = 223354 
ap 5 |2 ЕЕ Š Е 8 ЕЕ 
Controller ә Е | $ | 5 8 2 | | 5121|151|% 
State |- |2 | 3 3|° o 2 2 
% o9 
E Ф 2 8 E 


5% 3-State (ТОО) ог Don't Care (TDI) 


Figure 13. Timing Example 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 


Supply voltage range, VCC ......................................................... -0.5 V to 4.6 V 
Input voltage range, Vj (see Note 1) .................................................. -0.5Vto7V 
Voltage range applied to any output in the high state or power-off state, Мо (see Note 1) .... -0.5Vto7V 
Current into any output in the low state, lo: SN54LVTH18512 .................................. 96 mA 
5М541УТН182512 (А рой ог TDO) .................. 96 mA 

SN54LVTH182512 (В рой) ......................... 30 mA 

SN74LVTH18512, (occupe exe Narr REY ee Rete es 128 mA 

SN74LVTH182512 (А рой or TDO) ................. 128 mA 

SN74LVTH182512 (B рой) ......................... 30 mA 

Current into any output in the high state, lo (see Note 2): SNS54LVTH18512 ..................... 48 mA 
SN54LVTH182512 (A port or TDO) ...... 48 mA 
SN54LVTH182512 (B port) ............. 30 mA 

SN74LVTH18512 ..................... 64 mA 

SN74LVTH182512 (A port or TDO) ...... 64 mA 

SN74LVTH182512 (B port) ............. 30 mA 

Input clamp current, Ik (V< 0). загрева С diea Ра оное ва -50 mA 
Output clamp current, loc (Vo <0) ess ао Ex VENE xU ER EE DR ТА құздан RE CAN SAN —50 mA 
Maximum power dissipation at TA = 55°C (in still air) (see Note 3: DGG package .................. 1W 
Storage temperature range, Ту .............................................2.... —65°С to 150°C 


t Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and 


functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 


6-60 


NOTES: 1. The input and output negative-voltage ratings can be exceeded if the input and output clamp-current ratings are observed. 


. This current only flows when the output is in the high state and Vo > Vcc. 

. The maximum package power dissipation is calculated using a junction temperature of 150°C and a board trace length of 750 miis. 
For more information, referto the Package Thermal Considerations application note in the ABT Advanced BiCMOS Technology Data 
Book, literature number SCBD002. 


со № 
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recommended operating conditions 


Ун Hignievelinputvotage 2 | 
DW. Lowievelinputvotage ПО L ГТ] 
м muwmg SSCS 
eT) = 
Е: 
a ee 















SN54LVTH18512 | SN74LVTH18512 
[мм __МАХ| MN мах | МТ 
2.7 3.6 











loH High-level output current 
loL Low-level output current 


loLt ° Low-level output current 
At/Av Input transition rise ог fall rate Outputs enabled ns/V 


ТА Operating free-air temperature -55 125 -40 85 


t Current duty cycle < 50%, f > 1 kHz 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) (see Note 4) 











Ук [оси ива [| o 2 
Vos v 
Voo=3V iz | — 2 — T — 
= бшшш т M. 
кез» и 
Пост ___| oat 54] 


ГЕИ | — — — — 985 | — —  — — 
ола | — ПОИСКЕ 
ax — [vec-ssv \ Vog or GND 
pA 





V V 
о. isma оов 
Vcc=3 V 







LE тек [Voc=OorMAXt, _ Vj- 55V 
= Vis 55V ar NENNEN 
zs - То м + 
TDI, TMS Voc = 3.6 V Vi=Voc 

ES ЕГІП ШЕСІ 100 












m йз Е ОЕ 

ог 

ив |Мовзви [W=vee 
mo ОЕ ОЕ 

Da — оста ЕСТ [ — — |  — ва | 






q |AorB у зу V| = 0.8 V 75 500 75 150 500 А 
блока)“ | ports iu -75 0| -75 -150 -500| + 
lozH Мос - 36 V Vo-3V E ! 











= В 
Voc = 1.5 V to 0, Vo =0.5Vor3V + + pA 
сс 





Outputs disabled 


ще Voc = 3 V to 3.6 V, One input at Усс - 0.6 V, 
АСС Other inputs at Voc ог GND 
М-ЗУого 
Со Vo=3Vor0 
Vo-3Voro 


T All typical values are at Voc = 3.3 V, ТА = 25°С. 

+ For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
S Unused pins at Vcc or GND 

* The parameter Н(поа) inciudes the off-state output leakage current. ` 

# This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND. 
NOTE 4: Product preview specifications are design goals only and are subject to change without notice. 


то 
m jn 


+ | 
arta 
о о| оо 


оо 


т 


р 








В ТЕХА5 
INSTRUMENTS 


6-62 POST OFFICE BOX 655303 9 DALLAS, TEXAS 75265 


SN54LVTH18512, SN54LVTH182512, SN74LVTH18512, SN74LVTH182512 
3.9-V ABT SCAN TEST DEVICES 
WITH 18-BIT UNIVERSAL BUS TRANSCEIVERS 


SCBS671 – AUGUST 1996 


timing requirements over recommended operating Поза temperature range (unless otherwise 
noted) (normal mode) (see Note 4 and Figure 14) 


SN54LVTH18512 SN74LVTH18512 


Tene 3.3 V Voc = 3.3 V 
CLKAB ог CLKBA high or low ec L3. 
Pulse duration 


LEAB or LEBA | LEAB or LEBA high | 


A before CLKABT or 
B before CLKBAT 

t Setup time 

su Е A before LEABLor |CtKhigh | — — — | о — | — | 
B betore LEBAL |СКом | — — | — — | t6 — | —  — | 


A after CLKABT or 
th Hold time B after CLKBAT 
AatterLEABLorBafterLEBAL | || | |а [|| 


NOTE 4: Product preview specifications are design goals only and are subject to change without notice. 





timing requirements over recommended operating free-air temperature range (unless otherwise 


noted) (test mode) (see Note 4 and Figure 14) 


SN54LVTH18512 SN74LVTH18512 






те Clock frequency == арни 
Pulse duration | ТСК high or low 


A, B, CLK, LE, or OE 
before TCKT 
tsu Setup time 


TDI before | ТО! before TCK? = 


oe a == 
A.B, CLK Ue, a — — | — s | 






TMS ater TOKT козел Е = 


NOTE 4: Product preview specifications are design goals only and are subject to change without notice. 


Мз 3.3 V ес. 3.3 V 


n Новите | TDI atter TCKT po ПО j 


Dime | Powerupi TORT т = 
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switching characteristics over recommended operating free-air temperature range (unless 
otherwise noted) (normal mode) (see Note 4 and Figure 14) 


SN54LVTH18512 SN74LVTH18512 
FROM TO үсс= 3.3 V \сс= 3.3 V р 
PARAMETER (INPUT) (OUTPUT) Voc =2.7V Ұсс-27У | UNIT 


[tax | ЗОО | — L |] 
pec 


| 'PHL | 













{РЕН 


CLKAB or CLKBA BorA 
(PHL 155-584 | 
= El т 
LEAB or LEBA BorA 


— — 





t [r oS ПЕТЕ +L —— 
ERE C INN OEAB or OEBA BorA 
tPZL EBERT еше сл]. Нн 






еси E ег 
ЕП OEAB ог OEBA BorA 


NOTE 4: Product preview specifications are design goals only and are subject to change without notice. 


switching characteristics over recommended operating free-air temperature range (unless 
otherwise noted) (test mode) (see Note 4 and Figure 14) 


5М541УТН18512 SN74LVTH18512 


FROM TO Усс =3.3V _ Voc =3.3V _ 
PARAMETER (INPUT) (QUTPUT) Мес 227 V Усс=27\ | UNIT 





е" нан ин м мы — d MHz 
ат јр 
< теку AorB 

| 
ее (567. ры 
PLH TCKL TDO 
tPHL | e A - с, 
саны а а о а sa зе] 
РЕН тек! AorB 
|l | _____ 4 | LL 
з. ПЕ a == _ 1 
РЕН ТСК 
tPZL —— 


| 
PHZ теку AorB 
| її; ë O —— 
Е БЕС ЕЙ 
PHZ TCK1 TDO 5 
— =з ре к е = 


NOTE 4: Product preview specifications are design goals only and are subject to change without notice. 
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recommended operating conditions | 


Усс Supply voltage | | 27 esl 
Vit Low-level input voltage | ______ 08| 


SN74LVTH182512 





2.7 


VIH High-level input voltage | > 
VI Input voltage 55 
| Аро — | — ООО 

IOH High-level output current mA 
5а 


2.7 3.6 
-24 
-12 
А роп, ТОО 24 
Геја Low-level output current 
ої Low-level output current A port, ТОО 
-55 125 


АМАм Іприї transition rise or fall rate Outputs enabled 
TA Operating free-air temperature | -55  125| -40 8 


t Current duty cycle < 50%, f 2 1 kHz 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) ( see Note 4) | 










PARAMETER TEST CONDITIONS ыла 162512 ы ы АЕ UNIT 
MIN ТҮРІ МАХ MIN TYP? МАХ 
Үсс-2-7У, 12-18 mA ар оаа v 

А, В, ТОО | Усс = ММю МАХ, Іон = -100рА . | Усс-0.2 Усс-92 
Voc = 2.7 V, Іон = -3 тА БИСТАМИ 
A port Іон = -8 тА = а 

V i V 

OH |тоо Voc «3 V lops-24m || 2 —  . 
они ЗА | 
Voc -3 V, Юн=-12т | 20-4 


А, В, ТОО | Мес = 2.7 V, loL = 100 pA 
Aport, 
TDO 


Voc = 2.7 V, IOL = 24 mA 
Io 16 mA 
VoL lo = 32 mA PO 
Каи юат |55 
orses | —— — — — —] 
Voc=3V, ` 

+1 

10 

-25 0 











[О = 12 mA 
CLK, Voc = 3.6 V, Vi = Усс or GND 


LE,TCK |Усс=богМАХ _ Vie 55V -Ə—Ə | 

Е Vj=55V ИЕККЕ | 5 

СЕ - sv ___| 000 "| ______- 

TDI, TMS Voc = 3.6 У М! = Усс uA 
wo f s mi æ — | 


2.4 

2.4 

2 

+1 

10 

1 

on [чо vrorvozowasv — —  —— | то] uA | 

AorB VI = 0.8 V 75 500 75 150 500 
4 Усс «ЗУ 

here EE |” 25 160 5%] "^ 
отн ТТ ЗР, — == ТЕГЕ 
lozL Усс = 3.6 V, Vo =0.5V и E 
[07РЏ Voc = 0 to 1.5 V, Мо = 0.5 Vor3V +50 
lozpp |TDO Voc = 1.5 V to 0, Мо = 0.5 МогЗУ 0 +50 

Outputs high 


а СЕТ C m 2 
or 
дов [veo-ssv i= Veo т il 
мо ИВЕ —— s 
38 ОЕ 
Opus ООС ОЕ 





Alec Voc = 3 V to 3.6 V, One input at Усс - 0.6 V, 
cc Other inputs at Усс or GND 
М-зуого 
ТРЕЕ — ae 
Co : Мо + ЗМого 


T All typical values are at Voc = 3.3 V, Ta = 25°C. 


+ For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
5 Unused pins at Усс or GND 

$ The parameter li(hola) includes the off-state output leakage current. 

# This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND. 
NOTE 4: Product preview specifications are design goals only and are subject to change without notice. 








3» TEXAS 
INSTRUMENTS 


6-66 POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 


SN54LVTH18512, SN54LVTH182512, SN74LVTH18512, SN74LVTH182512 
3.3-V ABT SCAN TEST DEVICES 
WITH 18-BIT UNIVERSAL BUS TRANSCEIVERS 


SCBS671 – AUGUST 1996 


timing requirements over recommended operating free-air ESTAS range (unless otherwise 
noted) (normal mode) (See Note 4 and Figure 14) 


| 5М541МТН1825120 | | 5М541МТН1825120 | | SN74LVTH182512 | 82512 


ЕСЕМ 3.3 V ЕСІМЕ 3.3 V 
Еи Е | Усс = 27У | E [a 2.7V | UNIT 


fclock Clock frequency | CLKAB or CLKBA 

CLKAB or CLKBA high or low 
Pulse duration 

LEAB or LEBA high 
A before CLKABT or 
B before CLKBAT 

t Setup time 

A š A before LEAB} or | CLK high aasan E 
B betore (ЕВА: [CLK ow Білек NAUES. лаз MEE 
A after CLKABT or 

th Hold time B after CLKBAT 
A after LEAB} or B after LEBA} | | | 


NOTE 4: Product preview specifications are design goals only and are subject to change without = 













timing requirements over recommended operating free-air temperature range (unless otherwise 
noted) (test mode) (see Note 4 and Figure 14) 
SN54LVTH182512 SN74LVTH182512 
сс 3.3 V Yoo = 3.3 V 
Taag Cock Tequena asc 
ми Pulse duration _| TCK high or tow — 28 
A, B, CLK, LE, or OE 
before TCKT 
tu Seluptime — [рекле TOKT оның (Баса аты Баған 
TMS before TOKT — == oim. ee el 
АВ, КЕ вает | | — 1] u __|______ 
һ Holdime  тогайегтокт — uu XE n 
TMS after TCKT ee ee | 





ig Delay tme [Power upto TORT ВЕН uper ПГТ 


NOTE 4: Product preview specifications are design goals only and are subject to change without notice. 
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switching characteristics over recommended operating free-air temperature range (unless 
otherwise noted) (normal mode) (see Note 4 and Figure 14) 


SN54LVTH182512 SN74LVTH182512 
FROM Veo = 3.3V Voc = 3.3 V 
PARAMETER (INPUT) и с 27V а 27V | UNIT 


















СЕТІЛЕТІН = — Ле 
tPLH See је 
(рш | ИЕН ШЕННЕН ЖЕТЕ БЕН 
tPLH — в» | а [L — — =" 
| оң] | |. 1.15 49| 

| O| ee КЕН 
PLH CLKAB 
{РНЕ ` Pee SšESSESiSa ЕТТЕН eee) 
t КЕН eee ee БЕН 
РІН СІКВА А 
{PHL рр 58 [| 
Oo | [шг] 
PLH LEAB 
са ee 


tPLH 


LEBA A 
HL pe РНИ БИИ 
AE RET | | уь 
РЕН OEAB ог ОЕВА BorA 


tPZL 


а ара оса аа | | 25 241] = 
РНЕ ОЕАВ ог ОЕВА BorA 


NOTE 4: Product preview specifications are design goals only and are subject to change without notice. 





switching characteristics over recommended operating free-air temperature range (unless 
otherwise noted) (test mode) (see Note 4 and Figure 14) 


SN54LVTH182512 SN74LVTH182512 
FROM TO торе 3.3 V усе" 3.3 V 





MHz 
— —- — 
BSEC TC TCKL AorB 
| || 1.25 t| | 
| Рн | от 55) ____ 
BET NN TCKL 5:5 
КЕМЕ dus toj bb ES ЗЕ 
НІН EMEN C RE БЕРЕН 
ЕЕ ae ТСК! AorB i5 
| рд | а ЕБЕ 
|| | 1 55 — —— | 
е TCK} 
| рд | 


tPHZ 


tPLZ | а п 
рав 7] A 
ЕН? TCKL `  тоо 12 : 
tPLZ ИЕН oo ds 7 | 


NOTE 4: Product preview specifications are design goals only and are subject to change without notice. 
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PARAMETER MEASUREMENT INFORMATION 
о 6v 


From Output O Open 






Under Test GND 
CL = 50 pF THE 
(see Note A) 5000 PLZ/tPZL 
tpHz/tpZH 
. LOAD CIRCUIT 
Timing Input 
| = | 
| | 27V 
' | | 27V 
nput 1.5 V 1.5 У Data Input 15V 
ом 0v 
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS 
PULSE DURATION SETUP AND HOLD TIMES 
2.7 V 27V 
Input (15V — 15V binc) 15V 
| | ov | > vum | ov 
| | PZL 
tPLH Е «—.- іні. | | tprz —+ 


| 
aveform 1.5 | 
Output | 15V | 1.5V X | мо. «03V 
VoL Siat6V 50:75 voL 


| 
| | (see Note В) | | 
| la —» | | АРНЕ — 
ні. 4—9) | РЕН он әр (< Є 


Output | | 


| | VOH Vu aav Мон 
\ / Waveform 2 / X Мон - 0.3 V 
Output 1.5 V 15V $1 at GND 1.5V M 


——— VOL (see Note B) 


VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES ENABLE AND DISABLE TIMES 
INVERTING AND NONINVERTING OUTPUTS LOW- AND HIGH-LEVEL ENABLING 


NOTES: A. Cy includes probe and jig capacitance. 
B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 
C. Allinputpulses are supplied by generators having the following characteristics: РАВ < 10 MHz, Zo = 50 О, tr < 2.5 ns, {< 2.5 ns. 
D. The outputs are measured one at a time with one transition per measurement. 


Figure 14. Load Circuit and Voltage Waveforms 
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А o Members of the Texas Instruments SN54LVTH18514, SN54LVTH182514 ... НКС PACKAGE 
TM SN74LVTH18514, 5М741.УТН182514... DGG PACKAGE 
SCOPE™ Famlly of Testability Products (TOP VIEW) 


© Members of the Texas Instruments 
Widebus'" Family CLKENBA |] 1 





64 || CLKBA 


® State-of-the-Art 3.3-V ABT Design Supports ОЕВА []2 63 || ЕВА 
Mixed-Mode Signal Operation (5-V Input ві [3 e2 ПА 
and Output Voltages With 3.3-V Усс) B2 [4 61] A2 

© Support Unregulated Battery Operation B3 i} 5 60 || A3 
Down to 2.7 М GND Це 591] GND 

@ UBT™ (Universal Bus Transcelver) B47 — 581 A4 
Combines D-Type Latches and D-Type B58 — 57 |} AS 
Flip-Flops for Operation in Transparent, УссЦ9 561} Vcc 
Latched, or Clocked Mode B6 || 10 55|] Аб 


© Bus Hold on Data Inputs Eliminates the 
Need for External Pullup Resistors 

о B-Port Outputs of 'LVTH182514 Devices вола sf] A9 
Have Equivalent 25-O Series Resistors, So 
No External Resistors Are Required 


B11 Ц 16 491] A11 
© Compatible With the IEEE Standard 812 [17 48ПА12 
1149.1-1990 (JTAG) Test Access Port B13 [18 47 A13 
and Boundary-Scan Architecture Bi4fl19 46ПА14 

о SCOPE" Instruction Set GND Цо 45| GND 
— IEEE Standard 1149.1-1990 Required 815 Й 21 44] A15 
Instructions and Optional CLAMP and B16 [] 22 43 |] A16 
HIGHZ B17 Ц23 42 || A17 

- Parallel-Signature Analysis а Inputs i Vec [24 411] Voc 
— Pseudo-Random Pattern Generation в18 25 40ПА18 
From Outputs | в19 26 39 A19 

– Sample Inputs/Toggle Outputs смо 27 зг GND 
- Binary Count From Outputs В20[28 зт д2о 

~ Device Identification OEAB [129 361] LEAB 

- Even-Parity Opcodes ^  cuKENAB[jao 35 СІКАВ 

е Packaged in 64-Pin Plastic Thin Shrink тоо [131 341] TDI 
Small-Outline (DGG) and 64-Pin Ceramic TMS [| 32 зз] TCK 


Dual Flat (HKC) Packages Using 0.5-mm 
Center-to-Center Spacings 


description 


The 'LVTH18514 and 'LVTH182514 scan test devices with 20-bit universal bus transceivers are members of 
the Texas Instruments SCOPE™ testability integrated-circuit family. This family of devices supports IEEE 
Standard 1149.1-1990 boundary scan to facilitate testing of complex circuit-board assemblies. Scan access to 
the test circuitry is accomplished via the 4-wire test access port (TAP) interface. 


Additionally, these devices are designed specifically for low-voltage (3.3-V) Усс operation, but with the 
capability to provide a TTL interface to a 5-V system environment. 


SCOPE, Widebus, and UBT are trademarks of Texas Instruments Incorporated. 





Copyright © 1996, Texas Instruments Incorporated 


PRODUCT PREVIEW Information concerns products In the formative or 

design phase of development. Characteristic data and other i; 

speceatons are design goals. Texas Instruments reserves the right to 

change or discontinue these products without notice. I EXAS 
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description (continued) 


Inthe normal mode, these devices are 20-bit universal bus transceivers that combine D-type latches and D-type 
flip-flops to allow data flow in transparent, latched, or clocked modes. The test circuitry can be activated by the 
TAP to take snapshot samples of the data appearing at the device pins or to perform a self-test on the 
boundary-test cells. Activating the TAP in the normal mode does not affect the functional operation of the 
SCOPE™ universal bus transceivers. 


Data flow in each direction is controlled by output-enable (OEAB and OEBA), latch-enable (LEAB and LEBA), 
clock-enable (CLKENAB and CLKENBA), and clock (CLKAB and CLKBA) inputs. For A-to-B data flow, the 
device operates in the transparent mode when LEAB is high. When LEAB is low, the A-bus data is latched while 
CLKENAB is high and/or CLKAB is held at a static low or high logic level. Otherwise, if LEAB is low and 
CLKENAB is low, A-bus data is stored on a low-to-high transition of CLKAB. When OEAB is low, the B outputs 
are active. When OEAB is high, the B outputs are in the high-impedance state. B-to-A data flow is similar to 
A-to-B data flow, but uses the OEBA, LEBA, CLKENBA, and CLKBA inputs. 


In the test mode, the normal operation of the SCOPE™ universal bus transceivers is inhibited, and the test 
circuitry is enabled to observe and control the I/O boundary of the device. When enabled, the test circuitry 


performs boundary-scan test operations according to the protocol described in IEEE Standard 1149.1-1990. 


Four dedicated test pins are used to observe and control the operation of the test circuitry: test data input (TDI), 
test data output (TDO), test mode select (TMS), and test clock (TCK). Additionally, the test circuitry performs 
other testing functions, such as parallel-signature analysis (PSA) on data inputs and pseudo-random pattern 
generation (PRPG) from data outputs. All testing and scan operations are synchronized to the TAP interface. 


Active bus-hold circuitry is provided to hold unused or floating data inputs at a valid logic level. 


The B-port outputs of 'LVTH182514, which are designed to source or sink up to 12 mA, include 25-0 series 
resistors to reduce overshoot and undershoot. 


The SN74LVTH18514 and SN74LVTH182514 are available in ТГ thin shrink small-outline (DGG) package, 
which provides twice the I/O pin count and functionality in the same printed-circuit-board area.. 


The SN54LVTH18514 and SN54LVTH182514 are characterized for operation over the full military temperature 
range of —55°C to 125°C. The SN74LVTH18514 and SN74LVTH182514 are characterized for operation from 
—40*C to 85°C. 


FUNCTION TABLET 
(normal mode, each register) 


INPUTS 
OEAB LEAB CLKENAB CLKAB 





t A-to-B data flow is shown. B-to-A data flow is similar, but uses 
OEBA, LEBA, CLKENBA, and CLKBA. 

+ Output level before the indicated steady-state input conditions were 
established 
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functional block diagram 





Boundary-Scan Register 





CLKENAB 


LEAB 


CLKAB 


OEAB 





CLKENBA 


LEBA 


CLKBA 


OEBA 


A1 


1 of 20 Channels 


Bypass Register 
Ш Boundary-Control 

Register 

| Identification 

| Register 
Усс 31 
34 Instruction | > TDO 
TDi (> Register 
Усс 
32 j 
TMS > 
ТАР 














Controller 
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Terminal Functions 


TERMINAL NAME DESCRIPTION 


Normal-function A-bus I/O ports. See function table for normal-mode logic. 
Normal-function B-bus I/O ports. See function table for normal-mode logic. 
Normal-function latch enables. See function table for normal-mode logic. 


Normal-function output enables. See function table for normal-mode logic. An internal рићир at each terminal forces 
the terminal to a high level if left unconnected. 


Test clock. One of four terminals required by IEEE Standard 1149.1-1990. Test operations of the device are 
synchronous to TCK. Data is captured on the rising edge of TCK and outputs change on the falling edge of TCK. 
Test data input. One of four terminals required by IEEE Standard 1149.1-1990. TDI is the serial input for shifting data 
through the instruction register or selected data register. An internal pullup forces TDI toa high level if left unconnected. 
Test data output. One of four terminals required by IEEE Standard 1149.1-1990. TDO is the serial output for shifting 
data through the instruction register or selected data register. ^ 


Test mode select. One of four terminals required by IEEE Standard 1149.1-1990. TMS directs the device through its 
TAP controller states. An internal pullup forces TMS to a high level if left unconnected. 


Supply voltage 
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test architecture 


Serial-test information is conveyed by means of a 4-wire test bus or TAP that conforms to IEEE Standard 
1149.1-1990. Test instructions, test data, and test control signals are passed along this serial-test bus. The TAP 
controller monitors two signals from the test bus: TCK and TMS. The TAP controller extracts the synchronization 
(ТСК) and state control (TMS) signals from the test bus and generates the appropriate on-chip control signals 
for the test structures in the device. Figure 1 shows the TAP-controller state diagram. 


The TAP controller is fully synchronous to the TCK signal. Input data is captured on the rising edge of TCK and 
output data changes on the falling edge of TCK. This scheme ensures data to be captured is valid for fully 
one-half of the TCK cycle. 


The functional block diagram shows the IEEE Standard 1149.1-1990 4-wire test bus and boundary-scan 
architecture and the relationships of the test bus, the TAP controller, and the test registers. As shown, the device 
contains an 8-bit instruction register and four test data registers: a 48-bit boundary-scan register, a 3-bit 
boundary-control register, a 1-bit bypass register, and a 32-bit device-identification register. 


Test-Logic-Reset 


Run-Testidle ; Select-DR-Scan ) Select-IR-Scan 





Figure 1. TAP-Controller State Diagram 
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state diagram description 


The TAP controller is a synchronous finite-state machine that provides test control signals throughout the 
device. The state diagram shown in Figure 1 is in accordance with IEEE Standard 1149.1-1990. The TAP 
controller proceeds through its states, based on the level of TMS at the rising edge of TCK. 


As shown, the TAP controller consists of 16 states. There are six stable states (indicated by a looping arrow in 
the state diagram) and ten unstable states. A stable state is defined as a state the TAP controller can retain for 
consecutive TCK cycles. Any state that does not meet this criterion is an unstable state. 


There are two main paths through the state diagram: one to access and control the selected data register and 
one to access and contro! the instruction register. Only one register at a time can be accessed. 


Test-Logic-Reset 


The device powers up in the Test-Logic-Reset state. In the stable Test-Logic-Reset state, the test logic is reset 
and is disabled so that the.normal logic function of the device is performed. The instruction register is reset to 
an opcode that selects the optional IDCODE instruction, if supported, or the BYPASS instruction. Certain data 
registers also can be reset to their power-up values. 


The state machine is constructed such that the TAP controller returns to the Test-Logic-Reset state in no more 
than five TCK cycles if TMS is left high. The TMS pin has an internal pullup resistor that forces it high if left 
unconnected or if a board defect causes it to be open circuited. 


For the 'LVTH18514 and 'LVTH182514, the instruction register is reset to the binary value 10000001, which 
selects the IDCODE instruction. Bits 47—46 in the boundary-scan register are reset to logic 1, ensuring that 
these cells, which control A-port and B-port outputs, are set to benign values (i.e., if test mode were invoked, 
the outputs would be at high-impedance state). Reset values of other bits in the boundary-scan register should 
be considered indeterminate. The boundary-contro! register is reset to the binary value 010, which selects the 
PSA test operation. 


Run-Test/ldle 


The TAP controller must pass through the Run-Test/dle state (гот Test-Logic-Reset) before executing any test 
operations. The Run-Test/Idle state also can be entered following data-register or instruction-register scans. 
Run-Test/Idle is a stable state in which the test logic can be actively running a test or can be idle. The test 
operations selected by the boundary-control register are performed while the TAP controller is in the 
Run-Test/Idle state. | 


Select-DR-Scan, Select-IR-Scan 


No specific function is performed in the Select-DR-Scan and Select-IR-Scan states, and the TAP controller exits 
either of these states on the next TCK cycle. These states allow the selection of either data-register scan or 
instruction-register scan. 


Capture-DR 


When a data-register scan is selected, the TAP controller must pass through the Capture-DR state. In the 
Capture-DR state, the selected data register can capture a data value as specified by the current instruction. 
Such capture operations occur on the rising edge of TCK, upon which the TAP controller exits the Capture-DR 
state. 


Shift-DR 


Upon entry tothe Shift-DR state, the data register is placed in the scan path between TDI and TDO. On the first 
falling edge of TCK, TDO goes from the high-impedance state to an active state. TDO enables to the logic level 
present in the least-significant bit of the selected data register. 
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Shift-DR (continued) 


While in the stable Shift-DR state, data is serially shifted through the selected data register on each TCK cycle. 
The first shift occurs on the first rising edge of TCK after entry to the Shift-DR state (i.e., no shifting occurs during 
the TCK cycle, in which the TAP controller changes from Capture-DR to Shift-DR or from Exit2-DR to Shift-DR). 
The last shift occurs on the rising edge of TCK, upon which the TAP controller exits the Shift-DR state. 


Exit1-DR, Exit2-DR 


The Exit1-DR and Exit2-DR states are temporary states that end а data-register scan. It is possible to return 
to the Shift-DR state from either Exit1-DR or Exit2-DR without recapturing the data register. On the first falling 
edge of ТСК after entry to Exit-DR, ТОО goes from the active state to the high-impedance state. 


Pause-DR 


No specific function is performed in the stable Pause-DR state, in which the TAP controller can remain 
indefinitely. The Pause-DR state suspends and resumes data-register scan operations without loss of data. 


Update-DR 


If the current instruction calls for the selected data register to be updated with current data, such updates occur 
on the falling edge of TCK, following entry to the Update-DR state. 


Capture-IR 


When ап instruction-register scan is selected, the TAP controller must pass through the Capture-IR state. In 
the Capture-IR state, the instruction register captures its current status value. This capture operation occurs 
on the rising edge of ТСК, upon which the TAP controller exits the Capture-IR state. For the ’LVTH18514 апа 
'LVTH182514, the status value loaded in the Capture-IR state is the fixed binary value 10000001. 


Shift-IR 


Upon entry to the Shift-IR state, the instruction register is placed in the scan path between TDI and TDO. On 
the first falling edge of TCK, TDO goes from the high-impedance state to the active state. TDO enables to the 
logic level present in the least-significant bit of the instruction register. 


While in the stable Shift-IR state, instruction data is serially shifted through the instruction register on each TCK 
cycle. The first shift occurs on the first rising edge of TCK after entry to the Shift-IR state (i.e., no shifting occurs 
during the TCK cycle in which the TAP controller changes from Capture-IR to Shift-IR or from Exit2-IR to 
Shift-IR). The last shift occurs on the rising edge of TCK, upon which the TAP controller exits the Shift-IR state. 


Exit1-IR, Exit2-IR 


The Exit1-IR and Exit2-IR states are temporary states that end an instruction-register scan. It is possible to 
return to the Shift-IR state from either Exitt-IR or Exit2-IR without recapturing the instruction register. On the 
first falling edge of TCK after entry to Exit1-IR, TDO goes from the active state to the high-impedance state. 


Pause-IR 


No specific function is performed in the stable Pause-IR state, in which the TAP controller can remain 
indefinitely. The Pause-IR state suspends and resumes instruction-register scan operations without loss of 
data. 


Update-IR 


The current instruction is updated and takes effect on the falling edge of TCK, following entry to the Update-IR 
state. 
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register overview 


With the exception of the bypass and device-identification registers, any test register can be thought of as a 
serial-shift register with a shadow latch on each bit. The bypass and device-identification registers differ in that 
they contain only a shift register. During the appropriate capture state (Capture-IR for instruction register, 

. Capture-DR for data registers), the shift register can be parallel loaded from a source specified by the current 
instruction. During the appropriate shift state (Shift-IR or Shift-DR), the contents of the shift register are shifted 
out from TDO while new contents are shifted in at TDI. During the appropriate update state (Update-IR or 
Update-DR), the shadow latches are updated from the shift register. 


instruction register description 


The instruction register (IR) is eight bits long and tells the device what instruction is to be executed. Information 
contained in the instruction includes the mode of operation (either normal mode, in which the device performs 
its normallogic function, ortest mode, in which the normal logic function is inhibited or altered), the test operation 
to be performed, which of the four data registers is to be selected for inclusion in the scan path during 
data-register scans, and the source of data to be captured into the selected data register during Capture-DR. 


Table 3 lists the instructions supported by the 'LVTH18514 and'LVTH182514. The even-parity feature specified 
for SCOPE™ devices is supported in this device. Bit 7 of the instruction opcode is the parity bit. Any instructions 
that are defined for SCOPE™ devices but are not supported by this device default to BYPASS. 


During Capture-IR, the IR captures the binary value 10000001. As an instruction is shifted in, this value is shifted 

out via ТОО and can be inspected as verification that the ІН is in the scan path. During Update-IR, the value 
that has been shifted into the IR is loaded into shadow latches. At this time, the current instruction is updated 
and any specified mode change takes effect. At power up or in the Test-Logic-Reset state, the IR is reset to the 
binary value 10000001, which selects the IDCODE instruction. The instruction register order of scan is shown 
in Figure 2. 


Bit 7 
Bit 0 
TDI Parl TDO 
say Ha ме ff н [а] зө Је] ме ff oe шү” 


Figure 2. Instruction Register Order of Scan 
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data register description 


boundary-scan register 


The boundary-scan register (BSR) is 48 bits long. It contains one boundary-scan cell (BSC) for each 
normal-function input pin and one BSC for each normal-function /О pin (one single cell for both input data and 
output data). The BSR is used to store test data that is to be applied externally to the device output pins, and/or 
to capture data that appears internally at the outputs of the normal on-chip logic and/or externally at the device 
input pins. 

The source of data to be captured into the BSR during Capture-DR is determined by the current instruction. The 
contents of the BSR can change during Run-Test/Idle as determined by the current instruction. At power up or 
in Test-Logic-Reset, BSCs 47-46 are reset to logic 1, ensuring that these cells, which control A-port and B-port 
outputs, are setto benign values (i.e., iftest mode were invoked, the outputs would be at high-impedance state). 
Reset values of other BSCs should be considered indeterminate. | 


The BSR order of scan is from TDI through bits 47—0 to ТОО. Table 1 shows the BSR bits and their associated 
device pin signals. | 


Table 1. Boundary-Scan Register Configuration 


NUMBER SIGNAL NUMBER SIGNAL NUMBER SIGNAL 
а C| | s | Ano | o | в | 
= | SE | s | Amet [вз [| вю | 
эз [| се | 3 | evo [ в [| вю | 
= [| ак | s [лыо | м | вю |. 
Пи ame — s | ао [в | во | 
= | им | 22 | лю | № | вю | 
ря | ae | " | вю | 

По Ao э ғы | 
Eo м: ЕАН 896 
Пр в мо [з | во 
Poet VR e вю | 
Pe | ao | 9 | во 
fo | ee eo 
Po РК ВИ ae ee BHO... 

pepe ГЕН o Uo [ s | so j] 
E eee 

= мо [ + вю — 
iue umm ee = 
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boundary-control register 


The boundary-control register (BCR) is three bits long. The BCR is used in the context of the boundary-run 
(RUNT) instruction to implement additional test operations not included in the basic SCOPE"" instruction set. 
Such operations include PRPG, PSA, and binary count up (COUNT). Table 4 shows the test operations that 
are decoded by the BCR. 


During Capture-DR, the contents of the BCR are not changed. At power up or in Test-Logic-Reset, the BCR is 
resetto the binary value 010, which selects the PSA test operation. The boundary-control register order of scan 
is shown in Figure 3. 


TDI TDO _ 





Figure 3. Boundary-Control Register Order of Scan 


bypass register 


The bypass register is a 1-bit scan path that can be selected to shorten the length of the system scan path, 
reducing the number of bits per test pattern that must be applied to complete a test operation. During 
Capture-DR, the bypass register captures a logic 0. The bypass register order of scan is shown in Figure 4. 


Figure 4. Bypass Register Order of Scan 
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device-identification register 
The device-identification register (IDR) is 32 bits long. It can be selected and read to identify the manufacturer, 
part number, and version of this device. 


For the 1УТН18514, the binary value 00000000000000111101000000101111 (0003D02F, hex) is captured 
(during Capture-DR state) in the IDR to identify this device as Texas Instruments SN54/74LVTH18514. 


For the 'LVTH182514, the binary value 00000000000000111110000000101111 (0003E02F, hex) is captured 
(during Capture-DR state) in the IDR to identify this device as Texas Instruments SN54/74LVTH182514. 


The IDR order of scan is from TDI through bits 31—0 to TDO. Table 2 shows the IDR bits and their significance. 


Table 2. Device-Identification Register Configuration 


IDR BIT IDENTIFICATION IDR BIT IDENTIFICATION IDR BIT IDENTIFICATION 

[ 30 |  VERSION2 | 26 |  PARTNUMBERI4 | — 10 | MANUFACTUREROST | 
| з | VERSIONI | 25 |  PARTNUMBERIS | 9 | MANUFACTUREROST_| 
| 28 | VERSIONO | 24 |  PARTNUMBERI2 | 8 | МАМОРАСТОНЕРОТ | 

MEC 

[--22- _ 
21 ни | 
WE eel 









ae = 7 
a ae eee С автмумвевто | 6 | MANUFACTUREROST | 
= [а | Panne — 
ae [= | PARTNUMBERO | 4 | MANUFACTURERDSI | 
= =a 
E | рее | 2 | мамонаСТОНЕВОТ | 
Е = маатчомвеноо | + | мАМОРАСТОНЕНОО | 
Е = [в [ mnm [| o | и | 
ee | ОБЕ 
ЕЕ м [Е | 
Ев | міне | = L —— Jj 
pi [ме | — L — | 


t Note that for ТІ products, bits 11-0 of the device-identification register always contain the binary value 000000101111 
(02F, hex). | | | 
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instruction-register opcode description 


The instruction-register opcodes are shown in Table 3. The following descriptions detail the operation of each 
instruction. 


Table 3. Instruction-Register Opcodes 


BINARY CODET 
BIT 7 — BIT 0 SCOPE OPCODE DESCRIPTION ЗЕСЕСТЕВ ВАА 
REGISTER 
MSB > LSB 


00000000 EXTEST 
10000001 IDCODE Identification read 














Device identification 


| С Кота | 
[10000010 — | SAWPLE/PRELOAD | — датрвьошщиу — — | Boundary scan — | Norma | 
С exon | ве | — Әмзе — — | Bypass __| Noma | 
Г оо —| Bvpasst — | Bypasssean | Bypass — | Noma | 
Оюп [Вл Ву — | Bypass | Noma | 
[ 109 | ве" — | — Ву — — | Bypass | Noma | 
[сою | пон | Болу | Boundary scan | Nomai | 
[ оюопо —| сет | Boundary sotet — — | Boundary sean | Normal | 
[ ‘о | SCANCN | ___Boundary-conrolregisterscan | Boundary contrat | Қота | 
| мое [Вз — | ны _____ ураза | Normal | 


t Bit 7 is used to maintain even parity in the 8-bit instruction. 
+The BYPASS instruction is executed іп lieu of a SCOPE™ instruction that is not supported in the 'LVTH18514 or 'LVTH182514. 





boundary scan 


This instruction conforms to the IEEE Standard 1149.1-1990 EXTEST instruction. The BSR is selected in the 
scan path. Data appearing at the device input and 1/O pins is captured in the associated BSCs. Data that has 
been scanned into the /О BSCs for pins in the output mode is applied to the device I/O pins. Data present at 
the device pins, except for output-enables, is passed through the BSCs to the normal on-chip logic. For I/O pins, 
the operation of a pin as input or output is determined by the contents of the output-enable BSCs (bits 47—46 
of the BSR). When a given output enable is active (logic 0), the associated I/O pins operate in the output mode. 
Otherwise, the I/O pins operate in the input mode. The device operates in the test mode. 


identification read 


This instruction conforms to the IEEE Standard 1149.1-1990 IDCODE instruction. The IDR is selected in the 
scan path. The device operates in the normal mode. 


sample boundary 
This instruction conforms to the IEEE Standard 1149.1-1990 SAMPLE/PRELOAD instruction. The BSR is 


selected in the scan path. Data appearing at the device input pins and I/O pins in the input mode is captured 


in the associated BSCs, while data appearing at the outputs of the normal on-chip logic is captured in the BSCs 
associated with I/O pins in the output mode. The device operates in the normal mode. 
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bypass scan 


This instruction conforms to the IEEE Standard 1149.1-1990 BYPASS instruction. The bypass register is 
selected in the scan path. A logic O value is captured in the bypass register during Capture-DR. The device 
operates in the normal mode. 


control boundary to high impedance 


This instruction conforms to the IEEE Standard 1149.1a-1993 HIGHZ instruction. The bypass register is 
selected in the scan path. A logic 0 value is captured in the bypass register during Capture-DR. The device 
operates in a modified test mode in which all device I/O pins are placed in the high-impedance state, the device 
input pins remain operational, and the normal on-chip logic function is performed. | 


control boundary to 1/0 


This instruction conforms to the IEEE Standard 1149.1a-1993 CLAMP instruction. The bypass register is 
selected in the scan path. A logic 0 value is captured in the bypass register during Capture-DR. Data in the I/O 
BSCs for pins in the output mode is applied to the device I/O pins. The device operates in the test mode. 


boundary-run test 


The bypass register is selected in the scan path. A logic 0 value is captured in the bypass register during 
Capture-DR. The device operates in the test mode. The test operation specified in the BCR is executed during 
Run-Test/Idle. The five test operations decoded by the BCR are: sample inputs/toggle outputs (TOPSIP), 
PRPG, PSA, simultaneous PSA and PRPG (PSA/PRPG), and simultaneous PSA and binary count up 
(PSA/COUNT). 


boundary read 


The BSR is selected in the scan path. The value in the BSR remains unchanged during Capture-DR. This 
instruction is useful for inspecting data after a PSA operation. 


boundary self test 


The BSR is selected in the scan path. All BSCs capture the inverse of their current values during Capture-DR. 
In this way, the contents of the shadow latches can be read out to verify the integrity of both shift register and 
shadow latch elements of the BSR. The device operates in the normal mode. 


boundary toggle outputs 


The bypass register is selected in the scan path. A logic 0 value is captured in the bypass register during 
Capture-DR. Data in the shift-register elements of the selected output-mode BSCs is toggled on each rising 
edge of ТСК in Run-Test/ldle and is then updated in the shadow latches and applied to the associated device 
ЏО pins on each falling edge of ТСК in Run-Test/ldle. Data in the input-mode BSCs remains constant. Data 
appearing at the device input or I/O pins is not captured in the input-mode BSCs. The device operates in the 
test mode. 


boundary-control-register scan 


The BCR is selected in the scan path. The value in the BCR remains unchanged during Capture-DR. This 
operation must be performed before a boundary-run test operation to specify which test operation is to be 
executed. 
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boundary-control register opcode description 


The BCR opcodes are decoded from BCR bits 2-0 as shown in Table 4. The selected test operation is 
performed while the RUNT instruction is executed in the Run-Test/Idle state. The following descriptions detail 
the operation of each BCR instruction and illustrate the associated PSA and PRPG algorithms. 


Table 4. Boundary-Control Register Opcodes 


BINARY CODE 
BIT 2 > ВТО DESCRIPTION 
MSB — LSB 
Sample inputs/toggle outputs (TOPSIP) 


( 






Simultaneous PSA and PRPG/20-bit mode (PSA/PRPG) 
Simultaneous PSA and binary count up/20-bit mode (PSA/COUNT) 


While the control input BSCs (bits 47-36) are not included in the toggle, PSA, PRPG, or COUNT algorithms, 
the output-enable BSCs (bits 47—46 of the BSR) control the drive state (active or high impedance) of the 
selected device output pins. These BCR instructions are only valid when the device is operating in one direction 
of data flow (that is, OEAB z OEBA). Otherwise, the bypass instruction is operated. 











sample inputs/toggle outputs (TOPSIP) 


Data appearing at the selected device input-mode /О pins is captured in the shift-register elements of the 
associated BSCs on each rising edge of TCK. Data in the shift-register elements of the selected output-mode 
BSCs is toggled on each rising edge of TCK, updated in the shadow latches, and applied to the associated 
device I/O pins on each falling edge of TCK. 


NR ан eal 
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pseudo-random pattern generation (PRPG) 


A pseudo-random pattern is generated in the shift-register elements of the selected BSCs on each rising edge 
of ТСК, updated in the shadow latches, and applied to the associated device output-mode I/O pins on each 
falling edge of TCK. Figures 5 and 6 illustrate the 40-bit linear-feedback shift-register algorithms through which 
the patterns are generated. Ап initial seed value should be scanned into the BSR before performing this , 
operation. A seed value of all zeroes does not produce additional patterns. 


A20-/O А19-/0 А18-/0 А17-/0 А16-/О А15-/О А14-/0 А13-/0 А12-/0О А11-/0. 


А10-/0 А9-/О A8-/O  A7-/O А6-ШО  AS5-/O  A4l/O АЗ-/О A2-/O А/О 


Е ааа Изи ЈЕ 
о eae 








В20-/0  B19-/O  B18-/O  B17-/O В16-/О  B15-/O В14/0  B13-/O  B12-/O  B11-l/O 


Ф J > B10-/O В9-/О B8-//O — B7-/O  86-/0  85-/0  B4-/O  B3-/O  B2-/O  B1l-l/O 


Figure 5. 40-Bit PRPG Configuration (OEAB = 0, OEBA = 1) 
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B20-/O  B19-/O  B18-/O  B17-/O  B16-/O  B15-/O  Bi14-/O  B13-/O  B12-/O  B11-l/O 
B10-/O В9-/О B8-/O В7/О В6-/О B5-/O B4-I/0 B3-I/O В2-/О В1-/О 


ОМАН НОУ 










Ф J > А10-/0 А9/О _ АВ-/УО A7-/0  A6-/O АБО  A4lO АЗШО A210 А1-/О 


Figure 6. 40-Bit PRPG Configuration (OEAB = 1, OEBA = 0) 
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parallel-signature analysis (PSA) 


Data appearing at the selected device input-mode I/O pins is compressed into а 40-bit parallel signature in the 
shift-register elements of the selected BSCs on each rising edge of TCK. Data in the shadow latches of the 
selected output-mode BSCs remains constant and is applied to the associated device I/O pins. Figures 7 and 8 
illustrate the 40-bit linear-feedback shift-register algorithms through which the signature is generated. An initial 
seed value should be scanned into the BSR before performing this operation. 


A20-/O А19-/0 А18-/0 А17-/0 А16-/0 А15-/О A14-10 — А13-/0 А12-/0 A11-I/O 


ЗЕН ЕНЕН Ре 
LI t LS t LL udi 


Y 






B10-/O B9-/O В8-/0  B7-/O  B6-/O  B5-/O  B4lO  B3-/O  B2-/O В1-/О 
Figure 7. 40-Bit PSA Configuration (OEAB = 0, OEBA = 1) 
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B20-/O  B19-/O  B18-/O  B17-/O  B16-/O  B15-/O  B14-/O  B13-/O  B12-/O В11-/0 


Б tl ll ЫР а ЈЕ 
PUT 


B10-/O В9-/О B8-/O |. B7-/O 860  В5-/0 В4/О  B3-/O  B2-UO В1-/О 





А10-/0  A9-/O А8/О  AT-/O AGO А5-О А4ПШО ABO А2ШО  At-l/O 








Figure 8. 40-Bit PSA Configuration (OEAB = 1, ОЕВА = 0) 
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simultaneous PSA and PRPG (PSA/PRPG) 


Data appearing at the selected device input-mode I/O pins is compressed into a 20-bit parallel signature in the 
shift-register elements of the selected input-mode BSCs on each rising edge of TCK. At the same time, a 20-bit 
pseudo-random pattern is generated in the shift-register elements of the selected output-mode BSCs on each 
rising edge of TCK, updated in the shadow latches, and applied to the associated device I/O pins on each falling 
edge of TCK. Figures 9 and 10 illustrate the 20-bit linear-feedback shift-register algorithms through which the 
signature and patterns are generated. An initial seed value should be scanned into the BSR before performing 
this operation. A seed value of all zeroes does not produce additional patterns. | 


A20-/O А19-/О А18-/О А17-/О А16-/О А15-/О А14-/0 А1З-/О A12-I/O А11-/0 











А7-/О A5-/O А-Ш |. A3H/O А2-/0 — А1-/0 





A6-I/O 





А10-/0 _ А9-/0 _ А8-/О 





В10-0  B9-/O В8-/0 B7-/0  B6-/O  B5-/O 840  B3-/O  B2-/O ВІО 
Figure 9. 20-Bit PSA/PRPG Configuration (OEAB = 0, OEBA = 1) 
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В20-/0  B19-/O  B18-/O  B17-/O В16-/0  B15-/O В14/0  B13-/O  B12-/O В11-/0 


B10-/O  B9-/O В8-/О B7-/0  86-/0  B5-/O  B4l/O ВЗ-/О 





A10-/O  A9-O ABO  AT-/O А6/О АБО А400  AS/O А240  At-/O 
Figure 10. 20-Bit PSA/PRPG Configuration (OEAB = 1, OEBA = 0) 


lA ____--__- ____-___-_______-_„__-_______ > ту. т i Маа БЕНЕН I 1 
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simultaneous PSA and binary count up (PSA/COUNT) 


Data appearing at the selected device input-mode I/O pins is compressed into a 20-bit parallel signature in the 
shift-register elements of the selected input-mode BSCs on each rising edge of TCK. At the same time, a 20-bit 
binary count-up pattern is generated in the shift-register elements of the selected output-mode BSCs on each 
rising edge of TCK, updated in the shadow latches, and applied to the associated device I/O pins on each falling 
edge of TCK. Figures 11 and 12 illustrate the 20-bit linear-feedback shift-register algorithms through which the 
signature is generated. An initial seed value should be scanned into the BSR before performing this operation. 


A20-/O А19-/0 А18-/О А17-/0 А16-/О А15-/0 А14-/0 А13-/О А12-/0 А11-/О 


А10-/0 А9-/О AB-/O ^ AT/O  A6/O А5ШО А44О 





MSB | 
B20-/O B19-/O  B18-/O В17-/О  B16-/O  B15-/O Bi4-/0  B13-/O  B12-/O В11-/0 


t0 0000000006 


B10-/O В9-/О взмо В7-ЧО в60 B5-/0 вВ4/0  B3-/O  B2-/O В1-/О 


Figure 11. 20-Bit PSA/COUNT Configuration (OEAB = 0, OEBA = 1) 
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В20-/О В19-/0 | B18-/O В17-4/0  B16-/O  B15-/O  B14-/O  B13-/O  B12-l/O  B11-l/O 


B10-/O  B9-/O B&O BIO В6/0  B5-/O BIO  B3-l/O - В1-/О 





Ооо о 


A20-/O А19-/0 А18-/0 А17-/0 А16-/0 А15-/0 А14/0 А13-/0 А12-/0 А11-/О 


80 0000000006 


А10-/0  A9-/O А8-О  AT-/O  A6-/O А5ПИО  A4lO АЗШО  A2IO  At-l/O 





Figure 12. 20-Bit PSA/COUNT Configuration (OEAB = 1, OEBA = 0) 
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timing description 


All test operations of the 'LVTH18514 and 'LVTH182514 are synchronous to the ТСК signal. Data on the TDI, 
TMS, and normal-function inputs is captured on the rising edge of ТСК. Data appears on the ТОО and 
normal-function output pins on the falling edge of TCK. The TAP controller is advanced through its states (as 
shown in Figure 1) by changing the value of TMS on the falling edge of TCK and then applying a rising edge 
to TCK. 


A simple timing example is shown in Figure 13. In this example, the TAP controller begins in the 
Test-Logic-Reset state and is advanced through its states, as necessary, to perform one instruction-register 
scan and one data-register scan. While in the Shift-IR and Shift-DR states, TDI is used to input serial data, and 
TDO is used to output serial data. The TAP controller is then returned to the Test-Logic-Reset state. Table 5 
describes the operation of the test circuitry during each TCK cycle. 


Table 5. Explanation of Timing Example 
TCK TAP STATE 
CYCLE(S) | AFTER TCK DESCRIPTION 
< TMS is changed to a logic 0 value on the falling edge of ТСК to begin advancing the TAP controller toward 
1 Test-Logic-Reset | the desired state. | 


JUIN oe ee ЗАО 


| 2_ 
боз Select-DR-Scan 
E 















етер | ЕЕ 


The ІН captures the 8-bit binary value 10000001 on the rising edge of ТСК as the TAP controller exits the 
Capture-IR state. 


TDO becomes active and TDI is made valid on the falling edge of TCK. The first bit is shifted into the TAP on 
the rising edge of TCK as the TAP controller advances to the next state. 


One bit is shifted into the IR on each TCK rising edge. With TD! held at a logic 1 value, the 8-bit binary value 
11111111 is serially scanned into the IR. Atthe same time, the 8-bit binary value 10000001 is serially scanned 
out of the IR ма TDO. In TCK cycle 13, TMS is changed to a logic 1 value to end the instruction register scan 


Capture-IR 
on the next TCK cycle. The last bit of the instruction is shifted as the TAP controller advances from Shift-IR 
to Exit1-IR. 


T 
TDO becomes inactive (goes to the high-impedance state) on the falling edge of TCK. 


Update-IR | The IR is updated with the new instruction (BYPASS) on the falling edge of TCK. | 
а ООО ОИ 


The bypass register captures a logic 0 value on the rising edge of ТСК as the TAP controller exits the 
Capture-DR Capture-DR state. 
каи 



















ТОО becomes active and TDI is made valid on the falling edge of TCK. The first bit is shifted into the ТАР on 
the rising edge of TCK as the TAP controller advances to the next state. 








19-20 Shift-DR The binary value 101 is shifted in via TDI, while the binary value 010 is shifted out via TDO. 
Exit1-DR TDO becomes inactive (goes to the high-impedance state) on the falling edge of TCK. 






| 22 | Update-DR In general, the selected data register is updated with the new data on the falling edge of TCK 
Оз зоа 






Select-IR-Scan 


Test-Logic-Reset | Test operation completed 








35 TEXAS 
INSTRUMENTS 


POST OFFICE BOX 655303 # DALLAS, TEXAS 75265 6-93 


/ 


PRODUCT PREVIEW 


мамазча лопаона 


SN54LVTH18514, SN54LVTH182514, SN74LVTH18514, SN74LVTH182514 
3.3-V ABT SCAN TEST DEVICES | 
WITH 20-BIT UNIVERSAL BUS TRANSCEIVERS 


SCBS670 - AUGUST 1996 


12 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18 19 20 21 22 23 24 25 





эре рер є с Im | е |C с ||| RE: 
НИНГ š МЕНИН 5 Е 
mp |5 EZ 5 НЕЕ 5 НЕ 
E 
Ра | + | 8 " Ш с а | 5 Ф 23 а Ее 
Controller; В | £ | |5 | 8 2 |: | е $1218 | 
зае |- | В е|2 910 >" |989]19]4 
е а 8 $ 38% 
е е 


ВЯ 3-State (ТОО) or Don’t Саге (TDI) 
Figure 13. Timing Example 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 


Supply voltage range, VOG ......................................................... -0.5 V to 4.6 V 
Input voltage range, VI (see Note 1) .................................................. -0.5 Vto7 V 
Voltage range applied to any output in the high state or power-off state, Vo (see Note 1) .... —0.5 V to 7 V 
Current into any output in the low state, lo: SN54LVTH18514 .................................. 96 mA 
SN54LVTH182514 (А рой ог ТОО) .................. 96 mA 

SN54LVTH182514 (B рой) ......................... 30 mA 

SN74LVTH18514 ................................. 128 mA 

SN74LVTH182514 (А рой ог ТОО) ................. 128 mA 

SN74LVTH182514 (В рой) ......................... 30 mA 

Current into any output in the high state, lo (see Note 2): SNS4LVTH18514 ..................... 48 mA 
SN54LVTH182514 (A port or TDO) ...... 48 mA 

SN54LVTH182514 (B port) ............. 30 mA 

SN74LVTH18514 ..................... 64 mA 

SN74LVTH182514 (A port or TDO) ...... 64 mA 

SN74LVTH182514 (B port) ............. 30 mA 

Input clamp current; ик (Мек у ........................................................... -50 mA 
Output clamp current, loi (Vo <0) оса cc ска ка ied tenes rere eeu eh а ra аза кіс кака —50 mA 
Maximum power dissipation at TA = 55°C (in still air) (see Note 3): DGG package ........ ЖГП 1W 
Storage temperature range ........................................................ —65°С to 150°C 


t Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1. The input and output negative-voltage ratings can be exceeded if the input and output clamp-current ratings are observed. 


2. This current only flows when the output is in the high state and Мо > Voc. 

3. The maximum package power dissipation is calculated using a junction temperature of 150°C and a board trace length of 750 mils. 
For more information, referto the Package Thermal Considerations application note in the ABT Advanced BICMOS Technology Data 
Book, literature number SCBD002. 
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recommended operating conditions 


ere 8514 WE MX 8514 
UNIT 


AE мо 
ViH High- |Мн High-level input voltage | Дари voltage uum ue t e ROE раве eae 

Mi euge Sd | v | 
mA 
Fo, овон м | 
lof _Lowievelouiputourent SSCS 88 | s | та | 
[uw  Wutvanstonseoralrao _________|олрљетаеа о — — t | му | 


t Current duty cycle < 50%, f z 1 kHz 





< 





at 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) (see Note 4) 


























“ук [Усок — =m _______ 2 | У | 
x 
РД юн ОЕ рева 

Von Пон-Ә"А 3] 24 Jaa — v 
Voc = зҮ онт |; ү 
Пон аа ООО ОЕ 
шту [Мв — ы 
louzz4ma —— ООО МООИ 

a ояла ООО ООС КОВ 
un По-2л — ООО ООС 
ово 
СЕГЕ | 0] 
/сс-384/ Vi- Voc or GND [ак CLKEN, 
Усс-бомА%, Мз Е ЗОО [Г n лю] 
бозу с = 
узус |б®ют | — í т 

_-- ____-о| = — j| "^ 
í кыс у Ol cs E 
узус лов | ____|_______ 
5 

оно .  ViwVosooasv ____| | 5100 s^ | 

d 

[ "om [voee ЕСИ [mo | r [a 

[ "oz [оству  Vo-osv [mo _______| Pj] 

[ ozen |Vco-15Vte&  Vo-osvesv|ro — | < | м | 
ома _|______ — — 3. 

m V S ы or GND [Оз |] м 
ЕЕ | —— Е 





mA 


лес Vcc =3Vto3.6V, One input at Усс - 0.6 V, 
cc Other inputs at Усс ог GND 


Icc 

а __|м-зуоо VERD ТАРЫ 
Cio 
Co уза с 






Сао |Vo-3Voro 
[< _[Vo=8verd 


T All typical values are at Voc = 3.3 V, ТА = 25°С. 
+ For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
5 Unused pins at Voc or GND 

© The parameter |(ћоја) inciudes the off-state output leakage current. 

* This is the increase in supply current for each input that is at the specified TTL voltage level rather than Voc or GND. 
NOTE 4: Product preview specifications are design goals only and are subject to change without notice. 


[e EE d 
pt 
polle. p САН 
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timing requirements over recommended operating free-air temperature range (unless otherwise 
noted) (normal mode) (see Note 4 and Figure 14) 


SN54LVTH18514 SN74LVTH18514 


Voc = 3.3 V Voc = 3.3 V 
folock Clock frequency | CLKAB or CLKBA _____ || ___ Ш 
о Pulse duration LCEKABOrCLKBAhigh orlow ||) |40 || 
u I 
ы LEAB or LEBA high у. ај ЕСЕН eee! 
A before CLKABT ог 
B before CLKBAT 
tsu Setuptime  |AbeforeLEABLor [CLKhign | | TST 
B before LEBAL — јаком | tT 
CLKEN before CLKT [в | | 
A after CLKABT ИНЕП БЕНЕН WP ae een 
| В after CLKBAT ___ - = a 
th Hold time . 
hatter LEABL of Бай ЕВА | — — | — р 9 — | —— —] 
GEREN ter CURT puppe 


timing requirements over recommended operating free-air temperature range (unless otherwise 
noted) (test mode) (see Note 4 and Figure 14) 


SN54LVTH18514 SN74LVTH18514 


Усс = 3.3 V vee 3.3 V 


ak Coker ae CC ш sasana sa ас 
TOK Fgh or ow aa И 

































betore TCKT 


ш Seupime [roinetore TOKT == тл — IER 
TMS belare TOIT терше S = 





A, B, CLK, CLKEN, L 
after TCKT 







КОТ SO ъ 
Правите _|PowerupiotcxT ООО T C ОЕ T ЗИ 
e Rim |Vecpowerup — | ПИ ООС г... Г» 


NOTE 4: Product preview specifications are design goals only and are subject to change without notice. 
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switching characteristics over recommended operating free-air temperature range (unless 
otherwise noted) (normal mode) (see Note 4 and Figure 14) 


SN54LVTH18514 SN74LVTH18514 
FROM TO Voc =3.3V Н Vcc =3.3V Е 
PARAMETER (INPUT) (OUTPUT) Мадан Ми РМ Виа 


Cha [аква | 
{РНЕ 


{РЕН 


| ожа | И 


РІН LEAB or LEBA BorA 
tPHL 

НИ 
РЕН ОЕАВ ог OEBA BorA 
tPZL 


== = 
PHZ “ОЕАВ or ЕВА BorA 


switching characteristics over recommended operating free-air temperature range (unless 
otherwise noted) (test mode) (see Note 4 and Figure 14) 





. SN54LVTH18514 SN74LVTH1854 
FROM TO Vcc =3.3V И Voc = 3.3 V Р 
наь (INPUT) (OUTPUT) от E E Пиј 
ЕРНІН doe on o n з. л с [ш ар x1 


MHz 
РЕН TCKL AorB 













tPHL 
== s s 
PLH TCKL TDO 
em [ер ышы = = 
; ee ed 

=i тек: a 





= po pepe 

pu ee ЕЕ 
i pepe 
== we | жә |-- 


NOTE 4: Product preview specifications are design goals only and are subject to change without notice. 
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recommended operating conditions 


SN54LVTH182514 SN74LVTH182514 U 


Input Vonage [551 


А port, TDO |_____-- |______-> | 
High-level output current р 

[gn _________-= | ____-= | ` 

Apm po — | ____„ | — 3. 


Low-level output current 
вн ___2| |" 
Se O 
as OCC ПЕНИИ ид и | V. 
TA Operingtewartemperte р ~ ts] = s | 


n сл duty cycle < 50%, f > 1 kHz 


CC Supply voltage 


VIH High-level input voltage E 


L Low-level input voltage 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) (see Note 4) 










PARAMETER TEST CONDITIONS знеш тыынын UNIT 
MIN ТҮРІ MAX| ММ ТҮРІ МАХ 
Voo=87V, Acci mA po ee те БОТАН 
Усс = ММ to МАХ, log = –100 pA A, B, TDO Усс-0.2 Усс-0.2 
Voo-27V, Поне ЗПА [we co oom o ne 
VOH on A port, TDO V 

тон x 24 ПА Е. 
ion = 32 mA a OS ш 
юн-2т\ [epn __| 2 ë f> j 


"ECT — г 
eT S C | 7 
=m СЕТИ ООС 


Voc - 3.6 V VI = Voc or GND | сік, CLKEN, 
Voc =0 ог МАХ, _ Vie 55V LE, ТСК ор 
ТЕПЕ: a Е 
М = УСС СЕ,т0,7м | — 1 

ДА 


[од = 10044  |A В, TDO ________02| 02 
Voc 227 V тың р 
OL =24тА x —  058| ^ 05 
VoL V 


"ERIT [ I [тее 
о 2 та Арто оов 
Мсс =3 V 







— = os 5% 
= г 
Е О [Г [+ 
ce ИН 

ШЕН” Диона момову ню л 











75 150 500 
cand 
| юн  |Voc-36V — ^ Vo-3v |тоо | —— (1| 
|  lozPb [Vcc=15Vto0, — Vo-0.5Vor3V + 

Outputs hih || 

сс Усс-36У,10-0,М/«УссогОМ0 [Outputsiow — | | 

[Outputs disabled | | 

[xe Па m 

ther inputs at Voc or GND 

| Co — [Vo-3voo Ct 

[c [озу C CCC И | 
ТАТА уа! aay дугог 


All typical values are at Voc = 3.3 V, Ta = 25°C. 
+ For conditions shown as MIN ог MAX, use the appropriate value specified under recommended operating conditions. 
5 Unused pins at Усс or GND 
f The parameter (по) includes the off-state output leakage current. 
* This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND. 
NOTE 4: Product preview specifications are design goals only and are subject to change without notice. 
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timing requirements over recommended operating free-air temperature range (unless otherwise 
noted) (normal mode) (see Note 4 and Figure 14) 


| SNS4LVTH182514 | | SNS4LVTH182514 | 4 | SN74LVTH182514 | 82514 


ver 3.3 V Rares per ey, 3.3V 


felock Clock frequency | CLKAB or CLKBA 
CLKAB or CLKBA high or low — 
Pulse duration 
LEAB or LEBA high Paes > - 4 


A before CLKABT or 
B before CLKBAT 
Setuptime  |AbeforeLEABLor [СКН | | 
Ec ен ee бен = 

CLKEN before CLKT 

A after CLKABT or 

| B after CLKBAT . 
е лове AafterLEABLorBatterLeBAL | | | | 
GEN ater ск? ES 





timing requirements over recommended operating free-air temperature range (unless otherwise 
noted) (test mode) (see Note 4 and Figure 14) 


SN54LVTH182514 SN74LVTH182514 


Voc = 3.3 V Чес 2529 
шы a 27V ҚАЙ 2.7V | UNIT 


сеен a = аза 
ТСК high or low |___ ИЗИ 


A, B, CLK, CLKEN, LE, or OE 
before TCKT 
tsu Setup time 







TDI before [TDI before TCK? _______| 


з ee nU 


A, B, CLK, CLKEN, LE, or OE 
after TCKT 
th Hold time 


TDI after ITDlafterTCKT | 


Мы abu =s s HE] E 
Баву tine | Power upto ОКТ — F 
e Rise tine [Vog power up pvc IHE 


NOTE 4: Product preview specifications are design goals only and are subject to change without notice. 
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switching characteristics over recommended operating free-air temperature range (unless 
otherwise noted) (normal mode) (see Note 4 and Figure 14) 


SN54LVTH182514 SN74LVTH182514 
FROM TO Voc = 3.3V _ Voc - 3.3М _ 
РАВАМЕТЕВ (INPUT) (OUTPUT) Le ree =2.7 V Voc =2.7V | UNIT 


| 











OEAB or OEBA 


OEAB or OEBA 


switching characteristics over recommended operating free-air temperature range (unless 
otherwise noted) (test mode) (see Note 4 and Figure 14) 


SN54LVTH182514 SN74LVTH182514 
FROM TO Veo = 3.3V Усс= 3.3 V 
PARAMETER (INPUT) (QUTPUT) лала -27У Е ar 27V | UNIT 


Е" 
—— 
PLH тск. АогВ 


tPHL 


t р 
tPHL 

t 

PZH TCKL AorB 

tPZL 


! FERME MEE 
PZH TCKL TDO 
tPZL RENE ЕН 







t 
= 


NOTE ra TOUT preview specifications are design goals only and are subject to change without notice. 
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PARAMETER | MEASUREMENT INFORMATION 







о 6v 
O Open 
From Output P 
Under Test GND 
S S sos tPLH/tPHL 
L=90P tpLZ/tp2L 
. (see Note A) tPHZ/'PZH 
LOAD CIRCUIT 
Timing Input 
VERE tw — < 
| 
| | 2.7V 
W 
Input 1.5 У 1.5 V Data Input 
OV 
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS 
PULSE DURATION SETUP AND HOLD TIMES 


2.7V бйз š 
Input № 15V при (sv) 1.5V 
| | ov Control | | оу 
tPZL к 
РЕН 4 4—>_ tPHL x: 
| | | 2 
|| mondo MEME is | 3V 
aveform 1. 
Cut | ede 13: y S1at6V | N Ld w L+03V | 
| | oL (see Note B) | | OL 
tPHL —a— ka—».— tPLH : tPZH 
| Output таро | 


сыы у 
| | Мон wavetorm 2 | Уон-озу ОН 
Ошрш 15V 1.5V S1 at GND 1.5V не 


——— VoL (see Note B) 


VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES ENABLE AND DISABLE TIMES 
INVERTING AND NONINVERTING OUTPUTS LOW- AND HIGH-LEVEL ENABLING 


NOTES: А. Сі includes probe and jig capacitance. 
B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 
C. Allinput pulses are supplied by generators having the following characteristics: PRR < 10 MHz, Zo = 50 Q, tp < 2.5 ns, tis 2.5 ns. 
D. The outputs are measured one at a time with one transition per measurement. 


Figure 14. Load Circuit and Voltage Waveforms 
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о Members of the Texas Instruments SN54LVTH18516, SN54LVTH182516 ... НКС PACKAGE 
Ети Family of Testability Products SN74LVTH18516, SN74LVTH182516 . |. DGG PACKAGE 
Md y y (TOP VIEW) 


€ Members of the Texas Instruments 
Widebus™ Family CLKENBA [1 1 





64|] CLKBA 


• State-of-the-Art 3.3-V ABT Design Supports OEBA || 2 63 |] СЕВА 
Mixed-Mode Signal Operation (5-М Input NC [13 621] SBA 
and Output Voltages With 3.3-V Усс) B1 [ја 61[] A1 

9 Support Unregulated Battery Operation B2 |45 60] A2 
Down to 2.7 V GND [16 59 || GND 

© UBT™ (Universal Bus Transcelver) B3[]7 58|АЗ 
Combines D-Type Latches and D-Type Bia — 57 |} A4 
Flip-Flops for Operation in Transparent, Усс Ц9 56|] Voc 
Latched, ог Clocked Mode В5Ц10 55) А5 


е Provide Multiplexed Transmission of 
Stored and Real-Time Data 


о Bus Hold on Data Inputs Eliminates the вв 14 51 Ав 
Need for External Pullup Resistors во || 15 БО] AQ 
© B-Port Outputs of 'LVTH182516 Devices В10 П 16 49] A10 
Have Equivalent 25-0 Series Resistors, So ви [17 48] A11 
No External Resistors Are Required B12 [18 47] A12 
ө Compatible With the IEEE Standard 813 19 46|] A13 
1149.1-1990 (JTAG) Test Access Port and GND 20 45{] GND 
Boundary-Scan Architecture B14 [21 44 |] A14 
© SCOPE Instruction Set В15 Ц22 АЗ A15 
— IEEE Standard 1149.1-1990 Required В16Щ23 42] A16 
Instructions and Optional CLAMP and Vccll24 410 Усс 
HIGHZ 817 [25 “400 A17 
- Parallel-Signature Analysis at Inputs В18Щ26 — 39[] A18 
— Pseudo-Random Pattern Generation GND 027 38 GND 
From Outputs МСЦ28  s7[] SAB 
- Sample Inputs/Toggle Outputs ОЕАВ [29 36{] LEAB 
- Binary Count From Outputs СТКЕМАВ [130 351] CLKAB 
- Device Identification тоо [131 34 |] TDI 
— Even-Parity Opcodes тм$ [32 ззһтск 
© Packaged т 64-Pin Plastic Thin Shrink 
Small-Outline (DGG), 64-Pin Ceramic Dual NC - No internal connection 
Flat (HKC), and 68-Pin Ceramic Quad Flat | 
(HV) Packages 


EPIC, Widebus, SCOPE, and UBT are trademarks of Texas Instruments Incorporated. 
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NC - No internal connection 


description 


The 'LVTH18516 and ’LVTH182516 scan test devices with 18-bit bus transceivers are members of the Texas 
Instruments SCOPE™* testability integrated-circuit family. This family of devices supports IEEE Standard 
1149.1-1990 boundary scan to facilitate testing of complex circuit-board assemblies. Scan access to the test 
circuitry is accomplished via the 4-wire test access port (TAP) interface. 


Additionally, these devices are designed specifically for low-voltage (3.3-V) Усс operation, but with the 
capability to provide a TTL interface to a 5-V system environment. 


Inthe normal mode, these devices are 18-bit universal bus transceivers that combine D-type latches and D-type 
flip-flops to allow data flow in transparent, latched, or clock modes and that also allow for multiplexed 
transmission of data directly from the input bus or from the internal registers. The test circuitry can be activated 
by the TAP to take snapshot samples of the data appearing at the device pins or to perform a self test on the 
boundary-test cells. Activating the TAP in the normal mode does not affect the functional operation of the 
SCOPE" universal bus transceivers. 
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description (continued) 


Data flow in each direction is controlled by latch-enable (LEAB and LEBA), clock-enable (CLKENAB and 
CLKENBA), clock (CLKAB and CLKBA), select (SAB and SBA), and output-enable (OEAB and OEBA) inputs. 
For A-to-B data flow, the device registers operate in the transparent mode when LEAB is high. When LEAB is 
low, the A-bus data is latched while CLKENAB is high and/or CLKAB is held at a static low or high logic level. 
Otherwise, if LEAB is low апа CLKENAB is low, A-bus data 15 stored on а low-to-high transition of CLKAB. When 
SAB is low, real-time A data is selected for presentation to the B bus (real-time data mode). When SAB is high, 
stored A-data is selected for presentation to the B bus (stored data mode). When OEAB is low, the B outputs 
are active. When OEAB is high, the B outputs are in the high-impedance state. B-to-A data flow is similar to 
A-to-B data flow but uses the LEBA, CLKENBA, CLKBA, SBA, and OEBA inputs. Figure 1 illustrates the four 
fundamental bus-management functions that are performed with the 'LVTH18516 and 'LVTH182516. 


In the test mode, the normal operation of the SCOPE™ universal bus transceivers is inhibited, and the test 
circuitry is enabled to observe and control the I/O boundary of the device. When enabled, the test circuitry 
performs boundary-scan test operations according to the protocol described in IEEE Standard 1149.1-1990. 


Four dedicated test pins are used to observe and control the operation of the test circuitry: test data input (TDI), 
test data output (TDO), test mode select (TMS), and test clock (TCK). Additionally, the test circuitry performs 
other testing functions such as parallel-signature analysis (PSA) on data inputs and pseudo-random pattern 
generation (PRPG) from data outputs. All testing and scan operations are synchronized to the TAP interface. 








Active bus-hold circuitry is provided to hold unused or floating data inputs at a valid logic level. 


The B-port outputs of 'LVTH182516, which are designed to source or sink up to 12 mA, include 25-Q series 
resistors to reduce overshoot and undershoot. 


The SN74LVTH18516 and SN74LVTH182516 are available іп ТІ’ thin shrink small-outline (OGG) package, 
which provides twice the I/O pin count and functionality of standard small-outline packages in the same 
printed-circuit-board area. 


The SNS4LVTH1 851 6 and SN54LVTH182516 are characterized for operation over the full military temperature 
range of —55?C to 125°C. The SN74LVTH18516 and SN74LVTH182516 are characterized for operation from 
~40°C to 85°C. 


FUNCTION TABLET 
(normal mode, each register) 


INPUTS OUTPUT 
—— —— OPERATION OR FUNCTION 
OEAB SAB LEAB CLKENAB CLKAB B 


A 

x Isolation 

L Real-time A data to B bus 
H Real-time A data to B bus 
X 

X 


Stored A data to B bus 
Store A data 
(А--Ол) 

Store А data 
(А>ОА) 

Hold A data 
(Одо->Ол) 

: Hold A data 
(QA0—QA) 


UnspecifiedS 
UnspecifiedS 


UnspecifiedS 





Unspecified$ 





T A-to-B data flow is shown. B-to-A data flow is similar but uses OEBA, SBA, LEBA, CLKENBA, and CLKBA. 
+ Output level of internal register before the indicated steady-state input conditions are established. 
§ The data output functions are enabled or disabled by various signals at the OE and S inputs. Data input functions are always enabled. 
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OEAB OEBA SAB 


L H L 
REAL-TIME TRANSFER REAL-TIME TRANSFER 
BUS B TOBUSA BUS АТО BUS B 





a 
o 
2 
са 
OEAB ОЕВА LEAB |ЕВА CLKENAB CLKENBA CLKAB CLKBA OEAB OEBA SAB SBA 

X H H X х X X X H L X H 

H x X H х х X x L H H X 

H H H H x x X x L L `H H 

X H L X L Х T Х TRANSFER STORED DATA 

п ^ X L В Е ^ Т TO A AND/OR В 

H H L L L L t t 

STORAGE FROM 


A, B, ORA AND B 


Figure 1. Bus-Management Functions 


49 ТЕХА6 
INSTRUMENTS 


6-108 POST OFFICE BOX 655303 € DALLAS, TEXAS 75265 





SN54LVTH18516, SN54LVTH182516, SN74LVTH18516, SN74LVTH182516 
3.3-V ABT SCAN TEST DEVICES 
WITH 18-BIT UNIVERSAL BUS TRANSCEIVERS 


В5672А - AUGUST 1996 - REVISED DECEMBER 1996 


functional block diagram 





Boundary-Scan Reglster 





CLKENAB 


LEAB 


CLKAB 


SAB 


OEAB 
CLKENBA 


LEBA 


CLKBA 


A1 






1 of 18 Channels 
Bypass Register 

| Е = 

Register 

Identification 
Register 
Усс 31 
то 34 Instruction B > TDO 
» Register 
Vcc 
32 
TMS > 
TAP 
> Controller 









33 
тск 


Pin numbers shown are for the DGG and HKC packages. 
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Terminal Functions 


TERMINAL NAME DESCRIPTION 


A1-A18 Normal-function A-bus I/O ports. See function table for normal-mode logic. 


B1-B18 Normal-function B-bus /О ports. See function table for normal-mode logic. 







CLKAB, CLKBA Normal-function clock inputs. See function table for normal-mode logic. 


CLKENAB я Е 
CLKENBA Normal-function clock enables. See function table for normal-mode logic 
E 






LEAB, LEBA Normat-function latch enables. See function table for normal-mode logic. 


А Normal-function active-low output enables. See function table for normal-mode logic. An internal pullup а! each terminal 





will force the terminal to a high level if left unconnected. 


SAB, SBA Normal-function select controls. See function table for normal-mode logic. 


Test clock. One of four terminals required by IEEE Standard 1149.1-1990. Test operations of the device are synchronous 
TCK. Data is captured on the rising edge of TCK and outputs change on the falling edge of TCK. 


ND 
B, OEBA 
TDI Test data input. One of four terminals required by IEEE Standard 1149.1-1990. TDI is the serial input for shifting data 
through the instruction register or selected data register. An internal pullup forces TDI to a high level if left unconnected. 
DO 
MS 
Усс 












G 
T through the instruction register or selected data register. 
1 


Test mode select. One of fourterminals required by IEEE Standard 1149.1-1990. TMS directs the device through its TAP 
controller states. An internal pullup forces TMS to a high level if left unconnected. 


[ves | Sippy votage 


О 
| по | Test data output. One of four terminals required by IEEE Standard 1149.1-1990. TDO is the serial output for shifting data 
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test architecture 


Serial-test information is conveyed by means of a 4-wire test bus or TAP that conforms to IEEE Standard 
1149.1-1990. Test instructions, test data, and test control signals all are passed along this serial-test bus. The 
TAP controller monitors two signals from the test bus, TCK and TMS. The TAP controller extracts the 
synchronization (TCK) and state control (TMS) signals from the test bus and generates the appropriate on-chip 
control signals for the test structures in the device. Figure 2 shows the TAP-controller state diagram. 


The TAP controller is fully synchronous to the TCK signal. Input data is captured on the rising edge of TCK and 
output data changes on the falling edge of TCK. This scheme ensures data to be captured is valid for fully 
one-half of the TCK cycle. 


The functional block diagram shows the IEEE Standard 1149.1-1990 4-wire test bus and boundary-scan 
architecture and the relationship among the test bus, the TAP controller, and the test registers. As shown, the 
device contains an 8-bit instruction register and four test-data registers: a 46-bit boundary-scan register, a 3-bit 
boundary-control register, a 1-bit bypass register, and a 32-bit device-identification register. 








Test-Logic-Reset 


TMS =H 









" 


Run-Test/idle 













Select-IR-Scan 


р Select-DR-Scan 


Capture-DR 


TMS = L 


E Capture-IR 


TMSzL 








с Pause-DR 
Update-DR 


Figure 2. TAP-Controller State Diagram 








Pause-IR 






Update-IR 


TMSzL 
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state diagram description 


The TAP controller is a synchronous finite state machine that provides test contro! signals throughout the device. 
The state diagram shown in Figure 2 is in accordance with IEEE Standard 1149.1-1990. The TAP controller 
proceeds through its states based on the level of TMS at the rising edge of TCK. 


As shown, the TAP controller consists of 16 states. There are six stable states (indicated by a looping arrow in 
the state diagram) and ten unstable states. A stable state is defined as a state the TAP controller can retain for 
consecutive TCK cycles. Any state that does not meet this criterion is an unstable state. 


There are two main paths through the state diagram: one to access and control the selected data register and 
one to access and control the instruction register. Only one register can be accessed at a time. 


Test-Logic-Reset 


The device powers up in the Test-Logic-Reset state. In the stable Test-Logic-Reset state, the test logic is reset 
and is disabled so that the normal logic function of the device is performed. The instruction register is reset to 
an opcode that selects the optional IDCODE instruction, if supported, or the BYPASS instruction. Certain data 
registers can also be reset to their power-up values. 


The state machine is constructed such that the TAP controller returns to the Test-Logic-Reset state in no more 
than five TCK cycles if TMS is left high. The TMS pin has an internal pullup resistor that forces it high if left 
unconnected or if a board defect causes it to be open circuited. 


For the 'LVTH18516 апа 'LVTH182516, the instruction register is reset to the binary value 10000001, which 
selects the IDCODE instruction. Bits 45—44 are reset to logic 1, ensuring that these cells, which control A-port 
and B-port outputs, are set to benign values (i.e., such that if test mode were invoked the outputs would be at 
high-impedance state). Reset values of other bits in the boundary-scan register should be considered 
indeterminate. The boundary-contro!l register is reset to the binary value 010, which selects the PSA test 
operation. 


Run-Test/ldle 


The TAP controller must pass through the Run-Test/Idle state (from Test-Logic-Reset) before executing any test 

‚ operations. The Run-Test/Idle state also can be entered following data-register or instruction-register scans. 
Run-Test/Idle is a stable state in which the test logic can be actively running a test or can be idle. The test 
operations selected by the boundary-control register are performed while the TAP controller is in the 
Run-Test/dle state. 


Select-DR-Scan, Select-IR-Scan 


No specific function is performed in the Select-DR-Scan and Select-IR-Scan states, and the TAP controller exits 
either of these states on the next TCK cycle. These states allow the selection of either data-register scan or 
instruction-register scan. 


Capture-DR 


When a data-register scan is selected, the TAP controller must pass through the Capture-DR state. In the 
Capture-DR state, the selected data register can capture a data value as specified by the current instruction. 
Such capture operations occur on the rising edge of TCK, upon which the TAP controller exits the Capture-DR 
state. | 


Shift-DR 


Upon entry to the Shift-DR state, the data register is placed in the scan path between TDI and TDO, and on the 
first falling edge of TCK, TDO goes from the high-impedance state to an active state. TDO enables to the logic 
level present in the least-significant bit of the selected data register. 
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Shift-DR (continued) 


While in the stable Shift-DR state, data is serially shifted through the selected data register on each TCK cycle. 
The first shift occurs on the first rising edge of TCK after entry to the Shift-DR state (i.e., no shifting occurs during 
the TCK cycle in which the TAP controller changes from Capture-DR to Shift-DR or from Exit2-DR to Shift-DR). 
The last shift occurs on the rising edge of TCK, upon which the TAP controller exits the Shift-DR state. 


Exit1-DR, Exit2-DR 


The Exit1-DR and Exit2-DR states are temporary states that end a data-register scan. It is possible to return 

to the Shift-DR state from either Exit1-DR or Exit2-DR without recapturing the data register. On the first falling 

edge of ТСК after entry to Exit1-DR, ТОО goes from the active state to the high-impedance state. 
Pause-DR 


No specific function is performed in the stable Pause-DR state, in which the TAP controller can remain 
indefinitely. The Pause-DR state suspends and resumes data-register scan operations without loss of data. 


Update-DR 


If the current instruction calls for the selected data register to be updated with current data, such update occurs 
on the falling edge of TCK, following entry to the Update-DR state. 


Capture-IR 


When an instruction-register scan is selected, the TAP controller must pass through the Capture-IR state. In 
the Capture-IR state, the instruction register captures its current status value. This capture operation occurs 
on the rising edge of TCK, upon which the TAP controller exits the Capture-IR state. For the 1УТН18516 and 
’LVTH182516, the status value loaded in the Capture-IR state is the fixed binary value 10000001. 


Shift-IR 


Upon entry to the Shift-IR state, the instruction register is placed in the scan path between TDI and TDO, and 
on the first falling edge of TCK, TDO goes from the high-impedance state to the active state. TDO enables to 
the logic level present in the least-significant bit of the instruction register. 


While in the stable Shift-IR state, instruction data is serially shifted through the instruction register on each TCK 

cycle. The first shift occurs on the first rising edge of TCK after entry to the Shift-IR state (i.e., no shifting occurs 

during the TCK cycle in which the TAP controller changes from Capture-IR to Shift-IR or from Exit2-IR to 

Shift-IR). The last shift occurs on the rising edge of TCK, upon which the TAP controller exits the Shift-IR state. 
Exit1-IR, Exit2-IR 


The Exit1-IR and Exit2-IR states are temporary states that end an instruction-register scan. It is possible to 
return to the Shift-IR state from either Exit1-IR or Exit2-IR without recapturing the instruction register. On the 
first falling edge of TCK after entry to Exit1-IR, TDO goes from the active state to the high-impedance state. 


Pause-IR 


No specific function is performed in the stable Pause-IR state, in which the TAP controller can remain 
indefinitely. The Pause-IR state suspends and resumes instruction-register scan operations without loss of 
data. 


Update-IR 


The current instruction is updated and takes effect on the falling edge of TCK, following entry to the Update-IR 
state. 
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register overview 


With the exception of the bypass and device-identification registers, any test register can be thought of as a 
serial-shift register with a shadow latch on each bit. The bypass and device identification registers differ in that 
they contain only a shift register. During the appropriate capture state (Capture-IR for instruction register, 
Capture-DR for data registers), the shift register can be parallel loaded from a source specified by the current 
instruction. During the appropriate shift state (Shift-IR or Shift-DR), the contents of the shift register are shifted 
out from TDO while new contents are shifted in at TDI. During the appropriate update state (Update-IR or 
Update-DR), the shadow latches are updated from the shift register. 


instruction register description 


6-114 


The instruction register (IR) is eight bits long and tells the device what instruction is to be executed. Information 
contained in the instruction includes the mode of operation (either normal mode, in which the device performs 
its normallogic function, ortest mode, in which the normal logic function is inhibited or altered), the test operation 
to be performed, which of the four data registers is to be selected for inclusion in the scan path during 
data-register scans, and the source of data to be captured into the selected data register during Capture-DR. 


Table 3 lists the instructions supported by the 'LVTH18516 and'LVTH182516. The even-parity feature specified 
for SCOPE™ devices is supported in this device. Bit 7 of the instruction opcode is the parity bit. Any instructions 
that are defined for SCOPE™ devices but are not supported by this device default to BYPASS. 


During Capture-IR, the IR captures the binary value 10000001. As an instruction is shifted in, this value is shifted 
out ма ТОО and can be inspected as verification that the IR is in the scan path. During Update-IR, the value 
that has been shifted into the IR is loaded into shadow latches. At this time, the current instruction is updated 
and any specified mode change takes effect. At power up or in the Test-Logic-Reset state, the IR is reset to the 
binary value 10000001, which selects the IDCODE instruction. The IR order of scan is shown in Figure 3. 


Bit7 

Bit 0 
Pari 
(иза) = м ы ^ E 


Figure 3. Instruction Register Order of Scan 
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data register description 


boundary-scan register 


The boundary-scan register (BSR) is 46 bits long. It contains one boundary-scan cell (BSC) for each 
normal-function input pin and one BSC for each normal-function I/O pin (one single cell for both input data and 
output data). The BSR is used 1) to store test data that is to be applied externally to the device output pins, 
and/or 2) to capture data that appears internally at the outputs of the normal on-chip logic and/or externally at 
the device input pins. 

The source of data to be captured into the BSR during Capture-DR is determined by the current instruction. The 
contents of the BSR can change during Run-Test/ldle, as determined by the current instruction. At power up 
or in Test-Logic-Reset, BSCs 45-44 are reset to logic 1, ensuring that these cells, which control A-port and 
B-port outputs, are set to benign values (i.e., if test mode were invoked the outputs would be at high-impedance 
state). Reset values of other BSCs should be considered indeterminate. 


The BSR order of scan is from TDI through bits 45-0 to ТОО. Table 1 shows the BSR bits and their associated 
device pin signals. 


Table 1. Boundary-Scan Register Configuration 


BSR BIT DEVICE BSR BIT DEVICE BSR BIT DEVICE 
NUMBER SIGNAL NUMBER SIGNAL . NUMBER SIGNAL 
[в | бв | s | meo 51810 
ох | м | Amo | № | вю 














з в | 3 | ew [в | вю | 
Ге | uem | | Amo [м | вю | 
а [Өк | s [| Aur | [во | 
Г о | а | э | мю [ в | вю | 
[Г ® [| exe | 2 | eo | | вю | 
[в | ем | 2 [| Ano | t | вю | 
[ w | se | 2 | Ano | о [| вю | 
Е Ев [| mo T 7 | mo 
E A 


Прво мое [ s 84 
а | o p mo 
= [ = |> 7267 [L s eo 1 
А юр вю 
ee eee ee ШЕК НЕГ КӨН СТО 
ЕЕ БЕК ТЕН ШЕНІ: ү su | 
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boundary-control register 


The boundary-control register (BCR) is three bits long. The BCR is used in the context of the RUNT instruction 
to implement additional test operations not included in the basic SCOPE™ instruction set. Such operations 
include PRPG, PSA, and binary count up (COUNT). Table 4 shows the test operations that are decoded by the 
BCR. 


During Capture-DR, the contents of the BCR are not changed. At power up or in Test-Logic-Reset, the BCR is 
reset to the binary value 010, which selects the PSA test operation. The BCR order of scan is shown in 
Figure 4. 


TDO 





Figure 4. Boundary-Control Register Order of Scan 


bypass register 


6-116 


The bypass register is a 1-bit scan path that can be selected to shorten the length of the system scan path, 
reducing the number of bits per test pattern that must be applied to complete a test operation. During 
Capture-DR, the bypass register captures a logic 0. The bypass register order of scan is shown in 
Figure 5. 


TDI TDO 


Figure 5. Bypass Register Order of Scan 
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device-identification register 


The device-identification register (IDR) is 32 bits long. It can be selected and read to identify the manufacturer, 
part number, and version of this device. . 
For the 'LVTH18516, the binary value 00000000000000111111000000101111 (0003F02F, hex) is captured 
(during Capture-DR state) in the device-identification register to identify this device as Texas Instruments 
SN54/74LVTH18516. 

For the 'LVTH182516, the binary value 00000000000001000000000000101111 (0004002F, hex) is captured 
(during Capture-DR state) in the device-identification register to identify this device as Texas Instruments 
SN54/74LVTH182516. 


The device-identification register order of scan is from TDI through bits 31-0 to TDO. Table 2 shows the 
device-identification register bits and their significance. 


Table 2. Device-Identification Register Configuration 


NUMBER SIGNIFICANCE NUMBER SIGNIFICANCE NUMBER SIGNIFICANCE 
VERSIONS [PARTNUMBERIS | м | MANUFACTURERTOT | 
[3o | — vensioNz С вавтмомвева | —10 | MANUFACTUREROST | 
[29 | VERSION: Г“ваятмимвеніз | o — | MANUFACTUREROEF | 
[= | verson Г PARTNUMBERI2 | 8 | MANUFACTUREROTT | 
a 
a 
Lr 









[25 | 
Ene 
24 
[= |_PARTNUMBERTO | 6 | MANUFACTUREROST | 
[= | PARTNUMBERO | $ | MANUFAGTUREROGT | 
С раятмомвенов | 4 — | MANUFACTUREROGT_| 
19[_PARTNUMBEROT | 3 | MANUFACTUREROZT_| 
в | _PARTNUMBERG6 | —2 | МАМОРАСТОЕНОТЕ | 
т Ст | MaNUFACTUREROOT | 
pcr 
[cus 
14 
13 


| 17 |  PARTNUMBEROS 
LOGIC1T 


ПЕ | — L — —— 
__вантомасаоо | — | — — J 
С влвтномвен | — |] — — J] 
[ 1:2 | влатмомеено | — L — | 


T Note that for TI products, bits 11-0 of the device-identification register always contain the binary value 000000101111 
(02F, hex). 
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instruction-register opcode description 


The instruction-register opcodes are shown in Table 3. The following descriptions detail the operation of each 
instruction. 


Table 3. Instruction-Register Opcodes 


BINARY CODET 
BIT 7 — BIT 0 SCOPE OPCODE DESCRIPTION ВЕСЕОТЕР DATA 
REGISTER 
MSB — LSB 


00000000 EXTEST 
10000001 IDCODE Identification read 










[1009 | 5725 | — Bypasssen | вираз | Normal | 
Г оо | ве — | — Bypass scan [Ваз | Мота | 
С оно | — CEST — | — Boundary settet — — | Boundary scan | Мия | 
[мое [Вз — | — Ву _ | бе — | Мота | 


t Bit 7 is used to maintain even parity in the 8-bit instruction. 
t The BYPASS instruction is executed in lieu of a SCOPE™ instruction that is not supported in the 'LVTH18516 or 'LVTH182516. 










boundary scan 


This instruction conforms to the IEEE Standard 1149.1-1990 EXTEST instruction. The BSR is selected in the 
scan path. Data appearing at the device input and /О pins is captured in the associated BSCs. Data that has 
been scanned into the /О BSCs for pins in the output mode is applied to the device ИО pins. Data present at 
the device pins, except for output enables, is passed through the BSCs to the normal on-chip logic. For !/O pins, 
the operation of a pin as input or output is determined by the contents of the output-enable BSCs (bits 45—44 
of the BSR). When a given output enable is active (logic 0), the associated I/O pins operate in the output mode. 
Otherwise, the ИО pins operate in the input mode. The device operates in the test mode. 


identification read 
This instruction conforms to the IEEE Standard 1149.1-1990 IDCODE instruction. The device identification 
register is selected in the scan path. The device operates in the normal mode. 

sample boundary 


This instruction conforms to the IEEE Standard 1149.1-1990 SAMPLE/PRELOAD instruction. The BSR is 
selected in the scan path. Data appearing at the device input pins and I/O pins in the input mode is captured 
in the associated BSCs, while data appearing at the outputs of the normal on-chip logic is captured in the BSCs 
associated with I/O pins in the output mode. The device operates in the normal mode. 
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bypass scan 


This instruction conforms to the IEEE Standard 1149.1-1990 BYPASS instruction. The bypass register is 
selected in the scan path. A logic 0 value is captured in the bypass register during Capture-DR. The device 
operates in the normal mode. 


control boundary to high impedance 


This instruction conforms to the IEEE Standard 1149.1a-1993 HIGHZ instruction. The bypass register is 
selected in the scan path. A logic 0 value is captured in the bypass register during Capture-DR. The device 
operates in a modified test mode in which all device I/O pins are placed in the high-impedance state, the device 
input pins remain operational, and the normal on-chip logic function is performed. 


control boundary to 1/0 


This instruction conforms to the IEEE Standard 1149.1a-1993 CLAMP instruction. The bypass register is 
selected in the scan path. A logic 0 value is captured in the bypass register during Capture-DR. Data in the I/O 
BSCs for pins in the output mode is applied to the device I/O pins. The device operates in the test mode. 


boundary-run test 


The bypass register is selected in the scan path. A logic 0 value is captured in the bypass register during 
Capture-DR. The device operates in the test mode. The test operation specified in the BCR is executed during 
Run-Test/Idle. The five test operations decoded by the BCR are: sample inputs/toggle outputs (TOPSIP), 
PRPG, PSA, simultaneous PSA and PRPG (PSA/PRPG), and simultaneous PSA and binary count up 
(PSA/COUNT). 


boundary read 


The BSR is selected in the scan path. The value in the BSR remains unchanged during Capture-DR. This 
instruction is useful for inspecting data after a PSA operation. 


boundary self test 


The BSR is selected in the scan path. All BSCs capture the inverse of their current values during Capture-DR. 
In this way, the contents of the shadow latches can be read out to verify the integrity of both shift-register and 
shadow-latch elements of the BSR. The device operates in the normal mode. 


boundary toggle outputs 


The bypass register is selected in the scan path. A logic O value is captured in the bypass register during 
Capture-DR. Data in the shift-register elements of the selected output-mode BSCs is toggled on each rising 
edge of ТСК in Run-Test/Idle and is then updated in the shadow latches and applied to the associated device 
I/O pins on each falling edge of ТСК in Run-Test/Idle. Data in the input-mode BSCs remains constant. Data 
appearing at the device input or I/O pins is not captured in the input-mode BSCs. The device operates in the 
test mode. 


boundary-control-register scan 


The BCR is selected in the scan path. The value in the BCR remains unchanged during Capture-DR. This 
operation must be performed before a boundary-run test operation to specify which test operation is to be 
executed. 
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boundary-control register opcode description 


The BCR opcodes are decoded from BCR bits 2-0 as shown in Table 4. The selectedtest operation is performed 
while the RUNT instruction is executed in the Run-Test/Idle state. The following descriptions detail the operation 
of each BCR instruction and illustrate the associated PSA and PRPG algorithms. 


Table 4. Boundary-Contro! Register Opcodes 


BINARY CODE : 
BIT 2 — BIT 0 | DESCRIPTION 
MSB > LSB 


Sample inputs/toggle outputs (TOPSIP) 
Pseudo-random pattern generation/36-bit mode (PRPG) 


Simultaneous PSA and PRPG/18-bit mode (PSA/PRPG) 


Simultaneous PSA and binary count up/18-bit mode (PSA/COUNT) 





X00 i 

X01 

X10 
011 

111 


While the control input BSCs (bits 45-36) are not included in the toggle, PSA, PRPG, or COUNT algorithms, 
the output-enable BSCs (bits 45-44 of the BSR) control the drive state (active or high impedance) ofthe selected 
device output pins. These BCR instructions are only valid when the device is operating in one direction of data 
flow (that is, OEAB z OEBA). Otherwise, the bypass instruction is operated. 








sample inputs/toggle outputs (TOPSIP) 


Data appearing at the selected device input-mode I/O pins is captured in the shift-register elements of the 
associated BSCs on each rising edge of TCK. Data in the shift-register elements of the selected output-mode 
BSCs is toggled on each rising edge of TCK, updated in the shadow latches, and applied to the associated 
device I/O pins on each falling edge of TCK. 





6-120 
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pseudo-random pattern generation (PRPG) 


A pseudo-random pattern is generated in the shift-register elements of the selected BSCs on each rising edge 
of ТСК, updated in the shadow latches, and applied to the associated device output-mode I/O pins on each 
falling edge of TCK. Figures 6 and 7 illustrate the 36-bit linear-feedback shift-register algorithms through which 
the patterns are generated. An initial seed value should be scanned into the BSR prior to performing this 
operation. A seed value of all zeroes will not produce additional patterns. 


A18-/O А17-/0 А16-/О А15-/О A14-1/0 — A13-I/O— A12-I/O А11-/О А10-/О 


A9-/O _ A8llO  AT7T-/O  A6-/O  AS5-/O  A4l/O  A3-/O А2-/О А1-/О 





Ф J> B9-/O | B8-/O В7-/О В6-/О В5-/0 B4-l|O | B3-/O 820 В1-/0 


Figure 6. 36-Bit PRPG Configuration (OEAB = 0, OEBA = 1) 
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B18-lO  B17-/O  B16-/O  B15-/O В14/0  B13-/O  B12-/O  B11-/O В10-/О 











B9-/O В8-/О 


B7-//O | B6-/O  в5/0 840  B3-/O  B2-/O В1-/О 


Bub 


А18-/0 А17-/О  A16-I/O А15-/0 А14-/О А13-/О A12-I/JO А11-/0 А10-/О 


Ф. J > A9-/O А8-//О A7- ШО А6-/О _ А5-/0 А4ШО АЗ-/О  А2/0 А1-О 


Figure 7. 36-Bit PRPG Configuration (OEAB = 1, ОЕВА = 0) 





Ne a 
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parallel-signature analysis (PSA) 


Data appearing at the selected device input-mode I/O pins is compressed into a 36-bit parallel signature in the 
shift-register elements of the selected BSCs on each rising edge of ТСК. Data іп the shadow latches of the 
selected output-mode BSCs remains constant and is applied to the associated device ИО pins. Figures 8 and 9 
illustrate the 36-bit linear-feedback shift-register algorithms through which the signature is generated. An initial 
seed value should be scanned into the BSR before performing this operation. 


A18-/O А17-/0 А16-/0 А15-/0  Ai4-l/O  A13-/O  A12-/O AO A10-/0 









А2-/0  А1-/0 





АЗ-/О 





А5-/0 _ A4-l/O 





А8-/О 


É 





А7-/О 


ЕВА ET E РОБ 


А6-/О 






А9-/О 





Ф J > B9-/O | B8-/O 870  B6-/O  B5-/O 840  B3-/O B2-/O В1-/0 








Figure 8. 36-Bit PSA Configuration (OEAB = 0, OEBA = 1) 
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B18-/O  B17-/O  B16-/O  B15-/O  B14-/O  B13-/O  B12-/O  B11-/O В10-/0 
















В9-/О B3-/O — B2-/O ВО 





B8-I/O 


В7-/О 


se a oe mili 
LI LI LI LI LI LI UI] 


Be-/O — B5-/O  B4-VO 





А9-/0 — A8-/O  А7МО AGO  A5-/O  A4l/O  A3-/O А200  At-l/O 





Figure 9. 36-Bit PSA Configuration (OEAB = 1, OEBA = 0) 
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simultaneous PSA and PRPG (PSA/PRPG) 


Data appearing at the selected device input-mode I/O pins is compressed into an 18-bit parallel signature in 
the shift-register elements of the selected input-mode BSCs on each rising edge of TCK. At the same time, an 
18-bit pseudo-random pattern is generated in the shift-register elements of the selected output-mode BSCs on 
each rising edge of TCK, updated in the shadow latches, and applied to the associated device I/O pins on each 
falling edge of TCK. Figures 10 and 11 illustrate the 18-bit linear-feedback shift-register algorithms through 
which the signature and patterns are generated. An initial seed value should be scanned into the BSR before 
performing this operation. A seed value of all zeroes will not produce additional patterns. 


A18-/O А17-/0 А16-/0 А15-/0 А14-/0  A13-/O  A12-/O А11-/О А10-/О 


A9-/O А8-/О  A7T-/O  A6-/O А5ИО  A4lO АЗ- ЈО  A2IO А1-/О 





® = J o B9-/O | B8-/O  B7-/O  B6-/O  B5-/O  B4-/O  B3-/O  B2-/O В1-/О 


Figure 10. 18-Bit PSA/PRPG Configuration (OEAB = 0, OEBA = 1) 
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B18-/O  B17-/O  B16-/O  B15-/O  B14-/O  B13-/O  B12-/O  B11-l/O 810-0 


B9-/O — B8-/O — B7-/O — Bé-/O X B5-/O  B4J/O  B3-/O В2/0 ВІО 








@ = J > А9-/0 А8ШО  AT-/O  A6-/O  A5-JO  A4l/O  AS-/O А2/О А1-/0 


Figure 11. 18-Bit PSA/PRPG Configuration (OEAB = 1, OEBA = 0) 
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simultaneous PSA and binary count up (PSA/COUNT) 


Data appearing at the selected device input-mode I/O pins is compressed into an 18-bit parallel signature in 
the shift-register elements of the selected input-mode BSCs on each rising edge of TCK. At the same time, an 
18-bit binary count-up pattern is generated in the shift-register elements of the selected output-mode BSCs on 
each rising edge of TCK, updated in the shadow latches, and applied to the associated device I/O pins on each 
falling edge of TCK. Figures 12 and 13 illustrate the 18-bit linear-feedback shift-register algorithms through 
which the signature is generated. An initial seed value should be scanned into the BSR before performing this 
operation. 


Ai8-/O A17-10  Ai6-/O  A15-/O А14/0  A13-/O  A12-/O А11-/0 А10-/0 


A9-/O А8-О  AT-/O А6/О — A5-JO A-O | АЗ-О — AZJ/O А1-/О 





и аа 


B18-/O  B17-/O  B16-/O  B15-/O  B14-/O  B13-/O  B12-/O В11-/0 В10-/0 


80000900006 


B9-/O B&O B7-/0 860 . B5-/O B40 BIO  B2-l/O | Bt-l/O 


Figure 12. 18-Bit PSA/COUNT Configuration (OEAB z 0, OEBA z 1) 
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B18-/O  B17-/O  B16-/O  B15-/O  B14-//O В13-/0  B12-I/O . ви-ио В10-/О 


B9-/O  B8-I/O B7-/0 B60 В5ИО  B4lO B3-I/O  B2-/O  Bl1-/O 





я 


А18-/О А17-/О А16-/0 А15-/0 А14-/0 А13-/0 А12-/0 А11-/0 А10-/О 


to 000000006 


A9-/O . A&l/O  ATJ/O  A6-/O А5ИО Ad O АЗПИО  A2-JO А/О 


Figure 13. 18-Bit PSA/COUNT Configuration (OEAB = 1, OEBA = 0) 
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timing description 


All test operations of the 1УТН18516 and ’LVTH182516 are synchronous to the ТСК signal. Data on the TDI, 
TMS, and normal-function inputs is captured on the rising edge of TCK. Data appears on the TDO and 
normal-function output pins on the falling edge of ТСК. The TAP controller is advanced through its states (as 
shown in Figure 2) by changing the value of TMS on the falling edge of TCK and then applying a rising edge 
to TCK. 


A simple timing example is shown in Figure 14. In this example, the TAP controller begins in the 
Test-Logic-Reset state and is advanced through its states as necessary to perform one instruction-register scan 
and one data-register scan. While in the Shift-IR and Shift-DR states, TDI is used to input serial data, and TDO 
is used to output serial data. The TAP controller is then returned to the Test-Logic-Reset state. Table 5 details 
the operation of the test circuitry during each TCK cycle. 


Table 5. Explanation of Timing Example 


TCK TAP STATE 
mm AFTER TCK DESCRIPTION 
; TMS is changed to a logic 0 value on the falling edge of ТСК to begin advancing the ТАР controller toward 
ЖМ ЕСО ЗЫ the desired state. 


[ 2 | полаже | 2222222. 22 
[ 3 ооо |____________________________________ 
Shift-IR TDO becomes active and TDI is made valid on the falling edge of TCK. The first bit is shifted into the TAP 
on the rising edge of TCK as the TAP controller advances to the next state. 
7-13 Shift-IR : А 5 
out of the IR ма TDO. In TCK cycle 13, TMS is changed to a logic 1 value to end the IR scan on the next 
TCK cycle. The last bit of the instruction is shifted as the TAP controller advances from Shift-IR to Exit1-IR. 
i Seno | C C C] 
17 Capture-DR The bypass register captures a logic 0 value on the rising edge of TCK as the TAP controller exits the 
Capture-DR state. 
| 19-20 |  ShitbR | The binary value 101 is shifted in via TDI, while the binary value 010 is shifted out via TDO. 
Exit1-DR TDO becomes inactive (goes to the high-impedance state) on the falling edge of TCK. 
секси | OOS 
Test-Logic-Reset | Test operation completed 



































на O 
Capture-IR The IR captures the 8-bit binary value 10000001 on the rising edge of TCK as the TAP controller exits the 
ap'ure Capture-IR state. 
One bit is shifted into the ІН on each TCK rising edge. With ТО held ata logic 1 value, the 8-bit binary value 
11111111 is serially scanned into the IR. Atthe same time, the 8-bit binary value 10000001 is serially scanned 
Exit1-IR TDO becomes inactive (goes to the high-impedance state) on the falling edge of TCK. 
Update-IR The IR is updated with the new instruction (BYPASS) on the falling edge of TCK. 
Shift-DR TDO becomes active and TDI is made valid on the falling edge of TCK. The first bit is shifted into the TAP 
on the rising edge of TCK as the TAP controller advances to the next state. 
| 2 | Update-DR In general, the selected data register is updated with the new data on the falling edge of TCK. 
Select-DR-Scan 
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X 55555506060 S $85 С 


X 
ххх 252525252 2525255 





<|е | Е | Е | < с сісісіс с сте је |в | 5 
8 | о і = = | [=] о ajo 8 

= = = Ф 1 О o 
АНИНЕ Е FRUE Е ЭНИН 

ТАР оо |Е е а o ш | Зз 5 x | 5 с T |è 

a О а а. ш а a 

Controle; V| £ 12 |5 |8 > | 4 | 8 21: 5 p 
3112191 8|9 $[9|4 

State = |x |° 3 Ф Ф 8 = 
@ о 

E à 3 8 8 


ЕЯ 3-State (ТОО) or Don't Care (TDI) 


Figure 14. Timing Example 


absolute maximum ratings over operating free-air temperature range (unless otherwise поїеа)ї 


Supply voltage range, VOG ......................................................... -0.5 V to 4.6 V 
Input voltage range, VI (see Note 1) .............................:.................... -0.5 Vto 7 V 
Voltage range applied to any output in the high state or power-off state, Vo (see Note 1) .... -0.5 V to 7 V 
Current into any output in the low state, Io: SN54LVTH18516 .................................. 96 mA 
SN54LVTH182516 (А роп ог ТОО) .................. 96 mA 

SN54LVTH182516 (В рой) ......................... 30 mA 

SN7Z4LVTH18516 зы ызды ERE woes ees 128 mA 

SN74LVTH182516 (А port or ТОО) ................. 128 mA 

SN74LVTH182516 (В рой) ......................... 30 тА 

Current into any output in the high state, Іс (see Note 2): SNB4LVTH18516 ..................... 48 mA 
5М541УТН182516 (A port or ТОО) ...... 48 mA 

SN54LVTH182516 (B port) ............. 30 mA 

SN74LVTH18516 ..................... 64 mA 

SN74LVTH182516 (A port or TDO) ...... 64 mA 

SN74LVTH182516 (B port) ............. 30 mA 

Input clamp current, Iik (Vp Ој ........................................................... —50 mA 
Output clamp current, ок (Vo < 0) .................................................22..2.2.... —50 mA 
Maximum power dissipation at TA = 55°C (in still air) (see Note 3): DGG package .................. 1 W 
Storage temperature range, Ту .................................................... -65°C to 150°C 


T Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not 
implied. Exposure to absolute-maximum-rated conditioris for extended periods may affect device reliability. 

NOTES: 1. The input and output negative-voltage ratings can be exceeded if the input and output clamp-current ratings are observed. 

2. This current will only flow when the output is in the high state and Мо > Vcc. 

3. The maximum package power dissipation is calculated using a junction temperature of 150°C and a board trace length of 750 mils. 
For more information, refer to the Package Thermal Considerations application note in the ABT Advanced BiCMOS Technology Data 
Book, literature number SCBD002. 
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recommended operating conditions 


SN54LVTH18516 SN74LVTH18516 
| мм  MAX| MN max] “МТ 


Усс Supply voltage 27 3.6 | 27 36| 










27 3.6 
Vin Hgwewimundag ОЕ 
[Wi Lowievelinputvotage —  — — ИС 
о] 
ТИГЕТ Е ЕНЕСІ м | 

Lo s| 


TA Operating free-air temperature | —№ 85] ос | 


t Current duty cycle < 50%, f > 1 kHz 







SSS ОЕ ЕЩЕ КЕННЕТ ЗНАЧЕНИЕ ГРЕЈВС GARDE TREE RD USC RU CETTE ETSI 
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electrical characteristics over recommended o 
otherwise noted) (see Note 4) 


TEST CONDITIONS 


perating free-air temperature range (unless 


SN74LVTH18516 р 
MIN ТҮРІ МАХ МІМ ТҮРІ МАХ 





SNS4LVTH18516 
PARAMETER 














Voc = 3 V to 3.6 V, One input at Voc - 0.6 V, 
Alcc* Other inputs at Voc ог GND 042 
Vi=3Vor0 


Vo=3Vor0 


- ee | SEF 
c Vo -3Voro po 5 pose] 
T All typical values are at Voc = 3.3 V, TA = 25°С. 


+ For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
§ Unused pins at Мос or GND 

T The parameter li(hold) includes the off-state output leakage current. 

# This is the increase in supply current for each input that is at the specified TTL voltage level rather than Voc or GND. 
NOTE 4: Product preview specifications are design goals only and are subject to change without notice. 


Усс = ММ to МАХ, Јон = –100 pA Усс-0.2 Усс-0.2 
Voo=27V, лон ЗтА Pee ee ONE 
Vois lon = -8mA | 24 |] 24 | |у 
Voc -3V (он = -24 mA ___2= ____| _________ 
он--32 mA hee See ees 
lou = 100 uA Eg c 9m C ü 
Voc 227 V оъ 6 
О 04 тА El Oe 2-06 
oL= 16 mA ОЕ 
VOL Ot V 
JOL- 32 тА a (| re Т 
Voc =3V 
ОГ 48 mA жыр т 
О =64тА m 
Усс-36У, Vi= Voc or GND | CLK, GLKEN, 
Усс =00rMAX#, — Vi- 55V tE s Tek | 402 10) 
55 poo M. 7760 
| МеМес — jJOETO,TMS [и 
L= УСС БА 
| | -25  -100| -5  -100 
Vie 55V PO 
Vi = Voc A or B ports 
а ________-| _______-- 
Voc «0. VrorVg 201045 V | x4 | 
s ЕСИ ИЯ 
ПИЕСА к М-2у 22007 м 
oz |Уоо-38,) ___ vo-sv [mo | ______-| УЗ 
[ lon _ |Voc=35v, озу [mo | — — | LLL E 
lozeu |Voo-00 15V — Vo-SVor05V 
0290 |Уос-15У/00, — Vo-3Vor05V 
омела | — | j| 
к. а авва а [uam Lh... rp. ты д 
Outputs 
ШЕЛ [= 


C 
C 


i 
io 
о 
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timing requirements over recommended operating free-air temperature range (unless otherwise 
noted) (normal mode) (see Note 4 and Figure 15) 


SN54LVTH18516 | SN74LVTH18516 | | SN74LVTH18516 | 


Усс = 3.3 V _ ad 3.3 V 
{clock Clock frequency | CLKAB ог CLKBA — паана БЕТ 
А CLKAB ог CLKBA high or low 
tw Pulse duration 
LEAB or LEBA high or low 


Abefore CLKABT or amm 
B before CLKBAT 
tu Setuptime BENE (ee 


AbetoreLEABLor | СЫН | | o 
BbeforeLEBAL [CLK low —IY p 


CLKEN before | ССКЕМ before CLK? ______| 


А айег EE - or 
| В after CLKBAT 
Пе. Haime AaterlEABlorBaferLEBAL | — | | 4 | 
CLKEN after CLKT — trn 


timing requirements over recommended operating free-air temperature range (unless otherwise 
noted) (test mode) (see Note 4 and Figure 15) 


SN54LVTH18516 SN74LVTH18516 


Усс- =3.3V vec 3.3 V 


Taa Coser сс BER NON паника — ed TM 
liw Puse duration | TOK Tigh ortow ЕНЕ 7 cq eme 


‘A, B, CLK, CLKEN, LE, 
OE or S before TCKT 
Setup time 















TDI | TDi before TCK? — | | TDi before TCK? — | 
TMS before | ТМ5 before TCK? — | 


А, B, D RENI CLKEN, LE, 
OE or S TCKT 
th Hold time 





TDI after [TDI after TCK? | 


a eet em 
а бе | Power up to TOKT =o e E RENE RN MERE Биен 
[v Heime | Voc power up ee ee ү у= т=з 


NOTE 4: Product preview specifications are design goals only and are subject to change without notice. 
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switching characteristics over recommended operating free-air temperature range (unless 


otherwise noted) (normal mode) (see Note 4 and Figure 15) 


SN54LVTH18516 SN74LVTH18516 
FROM то 
PARAMETER (INPUT) (OUTPUT) 


Усс =3.3V Ё Voc = 3.3 V 





















ИЧИ: ee Imc Т7 
t | у du O в 6p C | 
| їн | АогВ BorA 
tPHL Е es] вата E] 

ү - р __- __ | же. ПИ 
= = CLKAB or CLKBA Bor A 
e ш peser j — 
t D- qe БЕСИК __ = 
ЕТТЕР LEAB ог LEBA BorA 
Ш Шен БИСЕН | 2 9 O 


ан ко ер — = 

— ПСЕ Ги ү = 

p ү =н 
um = OEAB or OEBA BorA 


| рд | КЕБЕК ТӘНЕ АСЕТ eee 
ете mer р ee и 

РН2 OEAB ог OEBA BorA 

tPLZ 





switching characteristics over recommended operating free-air temperature range (unless 
otherwise noted) (test mode) (see Note 4 and Figure 15) 


SNS54LVTH18516 SN74LVTH18516 
FROM TO Voc = 3.3 V a Vcc = 3.3 V " 








EIS We К 21 — мн махо мн мас ин нас MHz 

| ма 1-- 25 t] | 
РЕН TOKU AorB 

| ^ |—1— 25 j| | 

ү — rp C Jj t ss | 
PLH TCKL TDO 

HEEL Зет DERE 
PzH TCKL Aor B 
tPZL RENE ИЕ i 

|o UTI mon d ET ____-| 
Ран TCKL TDO 

ОЕ eS БЕТТЕРГЕ НЕН 


ЕНІ 


[| tz | 
NOTE 4: Product preview specifications are design goals only апа are subject to change without notice. 
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recommended operating conditions 











High-level input voltage 
та Low-level input voltage 
V. input voltage 


он High-level output current а жш к= 
B port 

IOL Low-level output current о EI 
| 


lot Low-level output current A port, TDO |_________ 48| 
At/Av — Inputtransition rise or fall rate Outputs enabled 
TA Operating free-air temperature | -85 125 


T Current duty cycle < 50%, f > 1 kHz 







№ 


писа 
| < ` 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) (see Note 4) 


SN54LVTH182516 SN74LVTH182516 
PARAMETER TEST CONDITIONS UNIT 
MIN ТҮРІ MAX MIN TYPT MAX 

















Мести loH- S ПА = eed 
| Пон= 8 тд __|Ароњтоо | 24 |) 24 | 
VOH V 
-— ie ae C s 
Pa E 
Пон ата [sa | — 2 — [ 2 7 
[O NEC NEN ЕД 
ооз] 
Поета], онто аа 
VoL PSE 05 v 
Усс -зу x | | 
И ПОС: 
оста ТЕ _ ООО ООС | _ 
CLK. КЕМ, 
Мостоогмаж, у-у вте | — о с 
ар =] 
mevo оь [1] A 
Tm [ x5 ____-мо| — 9) 
eee Oe C o| 
Мусс аво ООС ПО 
_ ы 
ШЕ” —|Voc-9 — WeVosoeasV  мы | 
[ xu [vocen озу о |i = 
[ lon  |Voc=36v.  vo-osv [mo | č | u 
[ oz |Vco-0918V  Vo-sveosv|mo — | — м. 
“ғо |Vcc-18Vie0,  Vo-sversv|mo — | — s| — s| ha | 
| [owpushi | 
кс Voc = 3.6 V, Io = 0, VI = Усс or GND oupuslw |9 mA 





Outputs 
disabled 
Voc =3 V to 3.6 V, One input at Усс - 0.6 V, 
# 
АСС Other inputs at Усс or GND mA 


T All typical values are at Усс = 3.3 V, TA = 25°С. 

+ For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

S Unused pins at Vcc or GND 

T The parameter ll(hold) includes the off-state output leakage current. 

* This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND. 
NOTE 4: Product preview specifications are design goals only and are subject to change without notice. j 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) (see Note 4) 


SN54LVTH182516 SN74LVTH182516 
PARAMETER TEST CONDITIONS 
MIN ТҮРІ MAX} MIN ТҮРІ МАХ 


ПРЕ ee ee БЫН САНЫН БСН 
V 


[< |о-змого 


f All typical values are а! Voc = 3.3 V, Ta = 25°С. 
NOTE 4: Product preview specifications are design goals only and are subject to change without notice. 





timing requirements over recommended operating free-air temperature range (unless otherwise 
noted) (normal mode) (see Note 4 and Figure 15) 


SN54LVTH182516 SN74LVTH182516 
Усс = 9.3 V ~ Voc + 3.3 V _ 


(dock Clock requency_[OLKAB or GLKBA т ОСТ = 
аква а [|_| m= 


{ Pulse duration 
LEAB or LEBA high т о Бо? еі ӘБЕН БЕСІН 
А before CLKABT or 4 
B before CLKBAT | 
tsu Setup time AbeforeLEABLor | СК | |) 2 — J| | 


BbeforeLEBAL Со | [| 
CLKEN before CLKT 


fe PRESE ree oN ee al 
A after CLKABT or 
B after CLKBAT 
Ще = перо fea ee ibm od 












A after LEAB} or B after LEBAL | | 
CLKEN after CLKT ШЕЙЕСТЕНІ НЕШЕУ t 


timing requirements over recommended operating free-air temperature range (unless otherwise 
noted) (test mode) (see Note 4 and Figure 15) 


SN54LVTH182516 SN74LVTH182516 
Усс = 3.3 V Усс = 3.3 М 
CO | усс=алу | VOCE SOY | vco=27v | UNIT 


Ee бәкі [ТК р C L 5 ______| и | 


A, B, CLK, CLKEN, LE, 
| OE ог S before TCKT 
ig. Setup tma TDI before ТСКТ 
TMS before TCKT 


А, B, CLK, CLKEN, 15 

OE or S after TCKT | 
ЕЕ quam 
БИЕ mae ot HEC Munck et ЕСТЕН 




























к Fisetime —  Vocpwerup — — | 


NOTE 4: Product preview specifications are design goals only and are subject to change without notice. 
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switching characteristics over recommended operating free-air temperature range (unless 
otherwise noted) (normal mode) (see Note 4 and Figure 15) 


SN54LVTH182516 SN74LVTH182516 


FROM TO \сс= 3.3V Veo = 3.3 V 









ee eee = = a 
--- т —— 

| tehe | ____ eee ts 7 | 
ү cu ЕО a а 

PLH CLKAB or CLKBA BorA 

a =e ЕТ ecc 
ee | а E 

— таи LEAB ог |ЕВА AorB 

| ора | — a =i 
о 2 1 ëO 

РЕН SAB or SBA BorA 

tPHL hae eee | 1 
foe et ie ДС | 

eet OEAB or OEBA BorA 

| ÜZ | 

PHz OEAB ог ЕВА 


switching characteristics over recommended operating free-air temperature range (unless 
otherwise noted) (test mode) (see Note 4 and Figure 15) 


SN54LVTH182516 SN74LVTH182516 
FROM TO Усс = 3.3V 5. Voc 23.8 V Ë 


БЕН ток} АогВ 


ped TCKL 
| юш | 


— ток} 
|___ Ра. | 
БЕН ток} 
tPZL 
PHz тек! 
PHz TCKL 


NOTE 4: Product preview specifications are design goals only and are subject to change without notice. 
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PARAMETER MEASUREMENT INFORMATION 







о 6v 
O Open 
From Output P 
Under Test GND 
са tPLH/tPHL 
взор tPLZ/tPZL 
(seo Noto A) tpHz/tpzH 
LOAD CIRCUIT 
Timing Input 
| Ы | 
| | 2.7V 
| | | 2.7V 
Input 1.5V 1.5 V Data Input 45V 
ov 0v 
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS 
PULSE DURATION SETUP AND HOLD TIMES 
27V 2.7 V 
Output | 
Input 15V (15 ) 1.5 У 
| ov Control | оу 


tPLH 4 ар {PHL 


t 
| е Даа » | 3V 
ауетогт 
Output | у Town 3 V Stat6V reme VoL 
| OL (see Note B) 


| 
| 
ьн. e—a 4-»- !PLH 2н 9) Ааа die Ж 


Output 


| | Мон Waveform 2 | у Мон -0.3 V Уон 
Output 15V 15V S1 at GND шы e 


——— VoL (see Note B) 


VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES ENABLE AND DISABLE TIMES 
INVERTING AND NONINVERTING OUTPUTS LOW- AND HIGH-LEVEL ENABLING 


NOTES: А. С) includes probe and jig capacitance. 
B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 
C. Allinput pulses are supplied by generators having the following characteristics: PRR < 10 MHz, Zo = 50 0, tr < 2.5 ns, {< 2.5 ns. 
D. The outputs are measured one at a time with one transition per measurement. | 


Figure 15. Load Circuit and Voltage Waveforms 
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e Members of the Texas Instruments SN54LVTH18640, SN54LVTH182640... WD PACKAGE 
SCOPE™ Family of Testability Products SN74LVTH18640, SN74LVTH182640 .. . DGG OR DL PACKAGE 
(TOP VIEW) 


@ Members of the Texas Instruments 
Widebus'" Family 


€ State-of-the-Art 3.3-V ABT Design Supports 
Mixed-Mode Signal Operation (5-V Input 
and Output Voltages With 3.3-V Усс) 


€ Support Unregulated Battery Operation 
Down to 2.7 V 


ө Bus Hold on Data Inputs Ellminates the 
Need for External Pullup Resistors 


€ В-Роп Outputs of 'LVTH182640 Devices 
Have Equivalent 25-Q Series Resistors, So 
No External Resistors Are Required 


• Compatible With the IEEE Standard 
1149.1-1990 (JTAG) Test Access Port and 
Boundary-Scan Architecture 


€ SCOPE" Instruction Set 
— IEEE Standard 1149.1-1990 Required 
Instructions and Optional CLAMP and 
HIGHZ 
- Parallel-Signature Analysis at Inputs 
— Pseudo-Random Pattern Generation 
From Outputs 
- Sample Inputs/Toggle Outputs 
- Binary Count From Outputs 
— Device Identification 
— Even-Parity Opcodes 
© Packaged in Plastic Shrink Small-Outline 
(DL) and Thin Shrink Small-Outline (DGG) 
Packages and 380-mil Fine-Pitch Ceramic 
Flat (WD) Packages 





description 


The 'LVTH18640 and 'LVTH182640 scan test devices with 18-bit inverting bus transceivers are members of the 
Texas Instruments SCOPE" testability integrated-circuit family. This family of devices supports IEEE Standard 
1149.1-1990 boundary scan to facilitate testing of complex circuit-board assemblies. Scan access to the test 
circuitry is accomplished via the 4-wire test access port (TAP) interface. 


Additionally, these devices are designed specifically for low-voltage (3.3-V) Усс operation, but with the 
capability to provide a TTL interface to a 5-V system environment. 


In the normal mode, these devices are 18-bit inverting bus transceivers. They can be used either as two 9-bit 
transceivers or one 18-bit transceiver. The test circuitry can be activated by the TAP to take snapshot samples 
of the data appearing at the device pins or to perform a self test on the boundary-test cells. Activating the TAP 
in the normal mode does not affect the functional operation of the SCOPE?" bus transceivers. 


, t 
SCOPE and Widebus are trademarks of Texas Instruments Incorporated. 
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description (continued) 


Data flow is controlled by the direction-control (DIR) and output-enable (OE) inputs. Data transmission is 
allowed from the A bus to the B bus or from the B bus to the A bus, depending on the logic level at DIR. The 
output-enable (OE) can be used to disable the device so that the buses are effectively isolated. 


In the test mode, the normal operation of the SCOPE?" bus transceivers is inhibited and the test circuitry is 
enabled to observe and contro! the I/O boundary of the device. When enabled, the test circuitry performs 
boundary-scan test operations according to the protocol described in IEEE Standard 1149.1-1990. 


Four dedicated test pins observe and control the operation of the test circuitry: test data input (TDI), test data 
output (TDO), test mode select (TMS), andtest clock (TCK). Additionally, the test circuitry performs other testing 
functions such as parallel-signature analysis (PSA) on data inputs and pseudo-random pattern generation 
(PRPG) from data outputs. All testing and scan operations are synchronized to the TAP interface. 


Active bus-hold circuitry is provided to hold unused or floating data inputs at a valid logic level. 


The B-port outputs of 'LVTH182640, which are designed to source or sink up to 12 mA, include 25-0 series 
resistors to reduce overshoot and undershoot. 


The SN74LVTH18640 and SN74LVTH182640 are available in TI's shrink small-outline (DL) and thin shrink 
small-outline (DGG) packages, which provide twice the I/O pin count and functionality of standard small-outline 
packages in the same printed-circuit-board area. 


The SN54LVTH18640 and SN54LVTH182640 are characterized for operation over the full military temperature 
range of —55*C to 125°C. The SN74LVTH18640 and SN74LVTH182640 are characterized for operation from 
—40*C to 85°C. 


FUNCTION TABLE 
(norma! mode, each 9-bit section) 


INPUTS | 
OPERATION 


B data to A bus 


A data to B bus 
Isolation : 
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functional block diagram 





Boundary-Scan Register 





2B1 





Bypass Register 
E Boundary- Control 
Register 
Identification 
Register 
Vec 
TDI 30 Instruction Register 
Усс 





> 27 тоо 






ТАР 
29 Controller 
TCK p 
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Terminal Functions | 


x o Shon АЕ АЕ 




















10E, 20E Normal-function output enables. See function table for normal-mode logic. An internal pullup at each terminal forces 
: the terminal to a high level if left unconnected. 
TCK Test clock. One of four terminals required by IEEE Standard 1149.1-1990. Test operations of the device are 
synchronous to TCK. Data is captured on the rising edge of TCK and outputs change on the falling edge of TCK. 










Test data input. One of four terminals required by IEEE Standard 1149.1-1990. TDI is the serial input for shifting data 
through the instruction register or selected data register. An internal pullup forces TDI toa high levelif left unconnected. 


TDO Test data output. One of four terminals required by IEEE Standard 1149.1-1990. TDO is the serial output for shifting 


TDI 










data through the instruction register or selected data register. 











Test mode select. One of four terminals required by IEEE Standard 1149.1-1990. TMS directs the device through its 
TAP controller states. An internal pullup forces TMS to a high level if left unconnected. 


Supply voltage 


TMS 
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test architecture 


Serial-test information is conveyed by means of a 4-wire test bus or TAP, that conforms to IEEE Standard 
1149.1-1990. Test instructions, test data, and test contro! signals all are passed along this serial-test bus. The 
TAP controller monitors two signals from the test bus, TCK and TMS. The TAP controller extracts the 
synchronization (TCK) and state control (TMS) signals from the test bus and generates the appropriate on-chip 
control signals for the test structures in the device. Figure 1 shows the TAP-controller state diagram. 


The TAP controller is fully synchronous to the TCK signal. Input data is captured on the rising edge of TCK and 
output data changes on the falling edge of TCK. This scheme ensures data to be captured is valid for fully 
one-half of the TCK cycle. 


The functional! block diagram shows the IEEE Standard 1149.1-1990 4-wire test bus and boundary-scan 
architecture and the relationship among the test bus, the TAP controller, and the test registers. As shown, the 
device contains an 8-bit instruction register and four test-data registers: а 44-bit boundary-scan register, a 3-bit 
boundary-control register, a 1-bit bypass register, and a 32-bit device-identification register. 


Test-Logic-Reset 





TMS = Н 















Run-Test/Idle 


Select-IR-Scan 


TMS =L 


Capture-IR 


b Solect-DR-Scan 
Capture-DR 


TMS = L 








Pause-DR 






Update-IR 






Figure 1. TAP-Controller State Diagram 
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state diagram description 


The TAP controller is a synchronous finite state machine that provides test control signals throughout the device. 
The state diagram shown in Figure 1 is in accordance with IEEE Standard 1149.1-1990. The TAP controller 
proceeds through its states based on the level of TMS at the rising edge of TCK. 


As shown, the TAP controller consists of 16 states. There are six stable states (indicated by a looping arrow in 
the state diagram) and ten unstable states. A stable state is a state the TAP controller can retain for consecutive 
ТСК cycles. Any state that does not meet this criterion is an unstable state. 


There are two main paths through the state diagram: one to access and contro! the selected data register and 
one to access and control the instruction register. Only one register can be accessed at a time. 


Test-Logic-Reset 


мамана 19fniaoud 


The device powers up in the Test-Logic-Reset state. In the stable Test-Logic-Reset state, the test logic is reset 
and is disabled so that the normal logic function of the device is performed. The instruction register is reset to 
an opcode that selects the optional IDCODE instruction, if supported, or the BYPASS instruction. Certain data 
registers also can be reset to their power-up values. 


The state machine is constructed such that the TAP controller returns to the Test-Logic-Reset state in no more 
than five TCK cycles if TMS is left high. The TMS pin has an internal pullup resistor that forces it high if left 
unconnected or if a board defect causes it to be open circuited. 


For the 'LVTH18640 and 'LVTH182640, the instruction register is reset to the binary value 10000001, which 
selects the IDCODE instruction. Bits 43-40 in the boundary-scan register are reset to logic 0, ensuring that 
these cells, which control A-port and B-port outputs, are set to benign values (i.e., if test mode were invoked, 
the outputs would be at high-impedance state). Reset values of other bits in the boundary-scan register should 
be considered indeterminate. The boundary-control register is reset to the binary value 010, which selects the 
PSA test operation. 


Run-Test/ldle 


The TAP controller must pass through the Run-Test/Idle state (from Test-Logic-Reset) before executing any test 
operations. The Run-Test/idle state also can be entered following data-register or instruction-register scans. 
Run-Test/ldle is a stable state in which the test logic can be actively running a test or can be idle. The test 
operations selected by the boundary-control register are performed while the TAP controller is in the 
Run-Test/ldle state. 


Select-DR-Scan, Select-IR-Scan 


No specific function is performed in the Select-DR-Scan and Select-IR-Scan states, and the TAP controller exits 
either of these states on the next TCK cycle. These states allow the selection of either data-register scan or 
instruction-register scan. 


Capture-DR 


When a data-register scan is selected, the TAP controller must pass through the Capture-DR state. In the 
Capture-DR state, the selected data register can capture a data value as specified by the current instruction. 
Such capture operations occur on the rising edge of TCK, upon which the TAP controller exits the 
Capture-DR state. 
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Shift-DR 


Upon entry to the Shift-DR state, the data register is placed in the scan path between TDI and TDO, and on the 
first falling edge of TCK, TDO goes from the high-impedance state to an active state. TDO enables to the logic 
level present in the least-significant bit of the selected data register. 


While in the stable Shift-DR state, data is serially shifted through the selected data register on each TCK cycle. 
The first shift occurs on the first rising edge of TCK after entry to the Shift-DR state (i.e., no shifting occurs during 
the TCK cycle in which the TAP controller changes from Capture-DR to Shift-DR or from Exit2-DR to Shift-DR). 
The last shift occurs on the rising edge of TCK, upon which the TAP controller exits the Shift-DR state. 


Exit1-DR, Exit2-DR 


The Exit1-DR and Exit2-DR states are temporary states that end a data-register scan. It is possible to return 
to the Shift-DR state from either Exit1-DR or Exit2-DR without recapturing the data register. On the first falling 
edge of ТСК after entry to Exit1-DR, ТОО goes from the active state to the high-impedance state. 


Pause-DR 


No specific function is performed in the stable Pause-DR state, in which the TAP controller can remain 
indefinitely. The Pause-DR state suspends and resumes data-register scan operations without loss of data. 


Update-DR 


If the current instruction calls for the selected data register to be updated with current data, such update occurs 
on the falling edge of TCK foliowing entry to the Update-DR state. 


Capture-IR 


When an instruction-register scan is selected, the TAP controller must pass through the Capture-IR state. In 
the Capture-IR state, the instruction register captures its current status value. This capture operation occurs 
on the rising edge of TCK, upon which the TAP controller exits the Capture-IR state. For the 'LVTH18640 and 
'LVTH182640, the status value loaded in the Capture-IR state is the fixed binary value 10000001. 


Shift-IR 


Upon entry to the Shift-IR state, the instruction register is placed in the scan path between TDI and TDO, and 
on the first falling edge of TCK, TDO goes from the high-impedance state to an active state. TDO enables to 
the logic level present in the least-significant bit of the instruction register. 


While in the stable Shift-IR state, instruction data is serially shifted through the instruction register on each TCK 
cycle. The first shift occurs on the first rising edge of TCK after entry to the Shift-IR state (i.e., no shifting occurs 
during the TCK cycle in which the TAP controller changes from Capture-IR to Shift-IR or from Exit2-IR to 
Shift-IR). The last shift occurs on the rising edge of TCK, upon which the TAP controller exits the Shift-IR state. 


Exit1-IR, Exit2-IR 


The Exit1-IR and Exit2-IR states are temporary states that end an instruction-register scan. It is possible to 
return to the Shift-IR state from either Exit1-IR or Exit2-IR without recapturing the instruction register. On the 
first falling edge of TCK after entry to Exit1-IR, ТОО goes from the active state to the high-impedance state. 


Pause-IR 


No specific function is performed in the stable Pause-IR state, in which the TAP controller can remain 
indefinitely. The Pause-IR state suspends and resumes instruction-register scan operations without loss 
of data. 


Update-IR 


The current instruction is updated and takes effect on the falling edge of TCK, following entry to the 
Update-IR state. 
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register overview 


With the exception of the bypass and device-identification registers, any test register can be thought of as a 
serial-shift register with a shadow latch on each bit. The bypass and device-identification registers differ in that 
they contain only a shift register. During the appropriate capture state (Capture-IR for instruction register, 
Capture-DR for data registers), the shift register can be parallel loaded from a source specified by the current 
instruction. During the appropriate shift state (Shift-IR or Shift-DR), the contents of the shift register are shifted 
out from TDO while new contents are shifted in at TDI. During the appropriate update state (Update-IR or 
Update-DR), the shadow latches are updated from the shift register. 


instruction register description 


The instruction register (IR) is eight bits long and tells the device what instruction is to be executed. Information 
contained in the instruction includes the mode of operation (either normal mode, in which the device performs 
its normal logic function, or test mode, in which the normal logic function is inhibited or altered), the test operation 
to be performed, which of the four data registers is to be selected for inclusion in the scan path during 
data-register scans, and the source of data to be captured into the selected data register during Capture-DR. 


Table 3 lists the instructions supported by the 'LVTH18640 and 1УТН182640. The even-parity feature specified 
for SCOPE™ devices is supported in this device. Bit 7 of the instruction opcode is the parity bit. Any instructions 
that are defined for SCOPE™ devices but are not supported by this device default to BYPASS. 


During Capture-IR, the IR captures the binary value 10000001. As an instruction is shifted in, this value is shifted 
out via TDO and can be inspected as verification that the IR is in the scan path. During Update-IR, the value 
that has been shifted into the IR is loaded into shadow latches. At this time, the current instruction is updated 
and any specified mode change takes effect. At power up or in the Test-Logic-Reset state, the IR is reset to the 
binary value 10000001, which selects the IDCODE instruction. The IR order of scan is shown in Figure 2. 


ви? 
то! Parity que TDO 
(MSB) (LSB) 


Figure 2. Instruction Register Order of Scan 
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data register description 


boundary-scan register 


The boundary-scan register (BSR) is 44 bits long. It contains one boundary-scan cell (BSC) for each 
normal-function input ріп, one BSC for each normal-function I/O pin (one single cell for both input data and 
output data), and one BSC for each of the internally decoded output-enable signals (1OEA, 2ОЕА, 1OEB, 
2OEB). The BSR is used 1) to store test data that is to be applied externally to the device output pins, and/or 
2)to capture datathat appears internally at the outputs of the normal on-chip logic and/or externally at the device 
input pins. 

The source of data to be captured into the BSR during Capture-DR is determined by the current instruction. The 
contents of the BSR can change during Run-Test/Idle as determined by the current instruction. At power up 
or in Test-Logic-Reset, BSCs 43-40 are reset to logic 0, ensuring that these cells, which contro! A-port and 
B-port outputs, are setto benign values (i.e., iftest mode were invoked, the outputs would be at high-impedance 
state). Reset values of other BSCs should be considered indeterminate. 


When external data is to be captured, the BSCs for signals 1 ОЕА, 2OEA, 10EB, and 2OEB capture logic values 
determined by the following positive-logic equations: 

1OEA = ТОЁ e 1DIR and 2ОЕА = 20Е • 2DIR, 10ЕВ = 10E e DIR and 20ЕВ = 20Е • DIR. 

When data is to be applied externally, these BSCs control the drive state (active or high impedance) of their 
respective outputs. 

The BSR order of scan is from TDI through bits 43-0 to TDO. Table 1 shows the BSR bits and their associated 
device pin signals. 


Table 1. Boundary-Scan Register Configuration 


EBEN SIGNAL NUMBER SIGNAL NUMBER SIGNAL NUMBER SIGNAL NUMBER SIGNAL 

“ов | 3 [zwuo | 26 | пано | т | звао | в | вю | 
— uec woes pp 5 БЕЛ ree 
Pai [м | 3 [мю | м | zo | в | zero | 6 | 187-10 
P40 | toca | 3 [zero | в | аво | м | seo | в | mao | 
зе | zem [31] олно | № | пано | в | ово | 4 — | tsro | 
за |r | 3 | әм | м | vero | № | 20410 | 3 | 18410 
з | oE | 2 | sevo | ж | мю[ м | 28000 | 2 | 1взїб | 
e | E | 2 | novo | № | wewo | t [ zo | 1 | 182-10 
Е — [ z Ганс L í паче | s [вю | o | 38:0 | 
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boundary-control register 


The boundary-control register (BCR) is three bits long. The BCR is used in the context of the RUNT instruction 
to implement additional test operations not included in the basic SCOPE™ instruction set. Such operations 
include PRPG, PSA, and binary count up (COUNT). Table 4 shows the test operations that are decoded by 
the BCR. 


During Capture-DR, the contents of the BCR are not changed. At power up or in Test-Logic-Reset, the BCR is 
reset to the binary value 010, which selects the PSA test operation. The BCR order of scan is shown in Figure 3. 


то! TDO 





Figure 3. Boundary-Control Register Order of Scan 


bypass register 


6-150 


The bypass register is a 1-bit scan path that can be selected to shorten the length of the system scan path, 
reducing the number of bits per test pattern that must be applied to complete a test operation.During 
Capture-DR, the bypass register captures a logic 0. The bypass register order of scan is shown in Figure 4. 


Figure 4. Bypass Register Order of Scan 
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device-identification register 


The device-identification register (IDR) is 32 bits long. It can be selected and read to identify the manufacturer, 
part number, and version of this device. 


For the 'LVTH18640, the binary value 00000000000000110000000000101111 (0003002F, hex) is captured 
(during Capture-DR state) in the device-identification register to identify this device as Texas Instruments 
SN54/74LVTH18640. 

For the 'LVTH182640, the binary value 00000000000000110001000000101111 (0003102F, hex) is captured 
(during Capture-DR state) in the device-identification register to identify this device as Texas Instruments 
SN54/74LVTH182640. 


The IDR order of scan is from TDI through bits 31—0 to TDO. Table 2 shows the IDR bits and their significance. 


Table 2. Device-Identification Register Configuration 


NUMBER SIGNIFICANCE NUMBER SIGNIFICANCE NUMBER SIGNIFICANCE 
Го [versione — | м | РАтмомвена | —10 | MANUFACTUREROGT | 
Го | venson | в | ритме | 9 | MANUFACTUREROSL- 
[= | veasono | м | PARTNUMBERI2 | 8 | MANUFACTUREROT? | 
Е = [в | amun | 7 — | MANUFACTUREROSÍ | 
Г = [в | ромео | 6 | MANUFACTUREROSt | 
Pa] arcing |5 | мамоАстонено | 
Е = [ж [ _вавтмимвенов [4 | MANUFACTUREROGT | 
Е is влатмумвено | 3 | мамогастопено | 
ЕЕ i 1 Panom | 2 | MANUFACTUREROTT | 
= [я [рее | í | мамоРАСТОЕНОО | 
= | = | t | раптама | o | өсі | 
ЕР ммм [о J] 
ее [o m qom l 
LOC Ев [semen [Е 
Ее [muu | — ] = | 


- t Note that for TI products, bits 11-0 of the device-identification register always contain the binary value 000000101111 
(02Е, hex). 
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instruction-register opcode description 
The instruction-register opcodes are shown in Table 3. The following descriptions detail the operation of 


each instruction. 
SELECTED DATA 
REGISTER 


Table 3. Instruction-Register Opcodes 


BINARY СООЕТ 
BIT 7 > ВТО SCOPE OPCODE 
MSB — LSB 
















Tea 

[10000010 | SAWPLE/PRELOAD | _______Батребошлвау — — | Boundary sean — | ота | 
Охот | 5775" — | — — Ву — | бе — | Мота | 
[10000100 | 775" | ны | pas | Normal | 
[109109 — | 575" — | — ны — — | бмв | Noma 
Normal 

[ хто | ст — | — волаву settes | Boundary sean — | Normal 
тоо | scancn — | Boundary-contl register scan — | Boundary contol |  Noma — 
[мо [| 98 — | бе — — | ___Бурша — | Nom | 


T Bit 7 is used to maintain even parity in the 8-bit instruction. 
t The BYPASS instruction is executed in lieu of a SCOPE™ instruction that is not supported in the 'LVTH18640 and 'LVTH182640. 


boundary scan 


This instruction conforms to the IEEE Standard 1149.1-1990 EXTEST instruction. The BSR is selected in the 
scan path. Data appearing at the device input and І/О pins is captured in the associated BSCs. Data that has 
been scanned into the input BSCs is applied to the inputs of the normal on-chip logic, while data scanned into 
the I/O BSCs for pins in the output mode is applied to the device I/O pins. Data present at the device I/O pins 
is passed through the ИО BSCs to the normal on-chip logic. For I/O pins, the operation of a pin as input or output 
is determined by the contents of the output-enable BSCs (bits 43-40 of the BSR). When a given output enable 
is active (logic 1), the associated І/О pins operate in the output mode. Otherwise, the I/O pins operate in the 
input mode. The device operates in the test mode. 


identification read 


This instruction conforms to the IEEE Standard 1149.1-1990 IDCODE instruction. The IDR is selected in the 
scan path. The device operates in the normal mode. 


sample boundary 


This instruction conforms to the IEEE Standard 1149.1-1990 SAMPLE/PRELOAD instruction. The BSR is 
selected in the scan path. Data appearing at the device input pins and I/O pins in the input mode is captured 
in the associated BSCs, while data appearing at the outputs of the normal on-chip logic is captured in the BSCs 
associated with I/O pins in the output mode. The device operates in the normal mode. 
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bypass scan 


This instruction conforms to the IEEE Standard 1149.1-1990 BYPASS instruction. The bypass register is 
selected in the scan path. A logic 0 value is captured in the bypass register during Capture-DR. The device 
operates in the normal mode. 


control boundary to high impedance 


This instruction conforms to the IEEE Standard 1149.1a-1993 HIGHZ instruction. The bypass register is 
selected in the scan path. A logic 0 value is captured in the bypass register during Capture-DR. The device 
operates in a modified test mode in which all device I/O pins are placed in the high-impedance state, the device 
input pins remain operational, and the normal on-chip logic function is performed. 


control boundary to 1/0 


This instruction conforms to the IEEE Standard 1149.1a-1993 CLAMP instruction. The bypass register is 
selected in the scan path. A logic 0 value is captured in the bypass register during Capture-DR. Data in the input 
BSCs is applied to the inputs of the normal on-chip logic, while data in the ИО BSCs for pins in the output mode 
is applied to the device I/O pins. The device operates in the test mode. 


boundary-run test 


The bypass register is selected in the scan path. A logic 0 value is captured in the bypass register during 
Capture-DR. The device operates in the test mode. The test operation specified in the BCR is executed during 
Run-Test/Idle. The five test operations decoded by the BCR are: sample inputs/toggle outputs (TOPSIP), 
PRPG, PSA, simultaneous PSA and PRPG (PSA/PRPG), and simultaneous PSA and binary count up 
(PSA/COUNT). 


boundary read 


The BSR is selected in the scan path. The value in the BSR remains unchanged during Capture-DR. This 
instruction is useful for inspecting data after a PSA operation. 


boundary self test 


The BSR is selected in the scan path. All BSCs capture the inverse of their current values during Capture-DR. 
In this way, the contents of the shadow latches can be read out to verify the integrity of both shift-register and 
shadow-latch elements of the BSR. The device operates in the normal mode. 


boundary toggle outputs 


The bypass register is selected in the scan path. A logic O value is Келте in the bypass register during 
Capture-DR. Data in the shift-register elements of the selected output-mode BSCs is toggled on each rising 
edge of TCK in Run-Test/Idle, updated in the shadow latches, and applied to the associated device /О pins 
on each falling edge of TCK in Run-Test/Idle. Data in the input-mode BSCs remains constant. Data appearing 
at the device input or ИО pins is not captured in the input-mode BSCs. The device operates in the test mode. 


boundary-control-register scan 


The BCR is selected in the scan path. The value in the BCR remains unchanged during Capture-DR. This 
operation must be performed before a boundary-run test operation to specify which test operation is to 
be executed. 
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boundary-control-register opcode description 


The BCR opcodes are decoded from BCR bits 2-0 as shown in Table 4. The selected test operation is performed 
while the RUNT instruction is executed in the Run-Test/ldle state. The following descriptions detail the operation 
of each BCR instruction and illustrate the associated PSA and PRPG algorithms. 


Table 4. Boundary-Control Register Opcodes 


BINARY CODE 
BIT 2 — ВТО DESCRIPTION 
MSB > LSB 


| xo | Sample Кралове outputs (TOPSIP) 


| эх | Pseudo-random pattern generation/36-bit mode (PRPG) 
[оси [SmutaneossPSAandPRPGI&bimode(PSA/PRPG) — | 


While the control input BSCs (bits 43—36) are not included in the toggle, PSA, PRPG, or COUNT algorithms, 
the output-enable BSCs (bits 43-40 of the BSR) control ће drive state (active or high impedance) of the selected 
device output pins. These BCR instructions are valid only when both bytes of the device are operating in one 
direction of data flow (that is, 1ОЕА ғ 1OEB and 2OEA + 2OEB) and in the same direction of data flow (that is, 
1OEA = 2OEA and 1OEB = 20EB). Otherwise, the bypass instruction is operated. 





sample inputs/toggle outputs (TOPSIP) 


6-154 


Data appearing at the selected device input-mode /О pins is captured in the shift-register elements of the 
associated BSCs on each rising edge of TCK. Data in the shift-register elements of the selected output-mode 
BSCs is toggled on each rising edge of TCK, updated in the shadow latches, and applied to the associated 
device I/O pins on each falling edge of ТСК. 
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pseudo-random pattern generation (PRPG) 


A pseudo-random pattern is generated in the shift-register elements of the selected BSCs on each rising edge 
of ТСК, updated in the shadow latches, and applied to the associated device output-mode I/O pins on each 
falling edge of TCK. Figures 5 and 6 show the 36-bit linear-feedback shift-register algorithms through which the 
patterns are generated. An initial seed value should be scanned into the BSR before performing this operation. 
A seed value of all zeroes does not produce additional patterns. 


2А9-/О 2А8-/О 2А7-/0 2ҮА6-/О 2А5-/0 2А4-/0 1A 2A3-/O 2А2-/0  2A1-I/O 








1A7-/O  1A6-/O 1А5-/0  1A4-/O  1A83-/O  1A2-/O 1А1-/0 


EE E и 


1А9-/О 1A8-I/0 





2B9-/O  2B8-l/O  2B7-/O  2B6-/O  2B5-/O 284/0 2В3-/0  2B2-/O 281-/0 


Ф J > 1B9-/O  1B8-/O  1B7-/O  1B6-/O  1B5-/O 1В4-/0  1B3-/O 1820  1B1-l/O 


Figure 5. 36-Bit PRPG Configuration (1OEA = 20EA = 0, 10EB = 20EB = 1) 
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2B9-/O  2B8-/O  2B7-/O  2B6-/O  2B5-/O  2B4-/O  2B93-/O  2B2-/O > 281-/0 


1B9-/O  1B8-/O 187-/0 1В6-/О  1B5-/O  1B4-/O  1B3-/O  1B2-/O 1В1-/О 





J > 1A9-/O  1A8-/O 1А7-/0 1А6-/0 1А5-/0  1A4-l/O  1A3-I//O  1A2-I//O  1A1-I/O 


Figure 6. 36-Bit PRPG Configuration (1OEA = 20EA = 1, 10EB = 20EB = 0) 
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parallel-signature analysis (PSA) 


Data appearing at the selected device input-mode ИО pins is compressed into a 36-bit parallel signature in the 
shift-register elements of the selected BSCs on each rising edge of TCK. Data in the shadow latches of the 
selected output-mode BSCs remains constant and is applied to the associated device I/O pins. Figures 7 and 8 
show the 36-bit linear-feedback shift-register algorithms through which the signature is generated. An initial 
seed value should be scanned into the BSR before performing this operation. 


2A9-/O 2А8-/0 . 2A7-l//O 2А6-/О 2А5-ІО | 2A4-IJO 2А3-/0О | 2A2-l/O 2А1-/О 











1А6-/0 1А5-/0 1ҮА4-/0 Л1АЗ-/О 1А2-/О  1A1-I/O 








1A8-/O 1А7-/0 


[cj Li LI LU 


1A9-1/0 





Ф J > 189-/0  1B8-/O  187-/O  1B6-/O 185-/0 184/0 1B3-/O 1B2-/O 181-/0 


Figure 7. 36-Bit PSA Configuration (1OEA = 20EA = 0, 10EB = 2OEB = 1) 
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2B9-/O  2B8-/O  2B7-/O 286-/0  2B5-/O  2B4-/O 283-/0 282-/0 2В1-/О 





© o 1А9-/О 1А8-/О 1А7-/0 1А6-/0 1А5-/0 1A4-l//O 1А3-/0 1А2-/0 1А1-/О 


Figure 8. 36-Bit PSA Configuration (1OEA = 20EA = 1, 10EB = 20EB = 0) 
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simultaneous PSA and PRPG (PSA/PRPG) 


Data appearing at the selected device input-mode І/О pins is compressed into an 18-bit parallel signature іп 
the shift-register elements of the selected input-mode BSCs on each rising edge of TCK. At the same time, an 
18-bit pseudo-random pattern is generated in the shift-register elements of the selected output-mode BSCs on 
each rising edge of TCK, updated in the shadow latches, and applied to the associated device I/O pins on each 
falling edge of TCK. Figures 9 and 10 show the 18-bit linear-feedback shift-register algorithms through which 
the signature and patterns are generated. An initial seed value should be scanned into the BSR before 
performing this operation. A seed value of all zeroes does not produce additional patterns. 


2A9-/O  2A8-/O 2АТ7-ИО  2A6-/O 2А5-/О 2А4-/0 2А3-/0 2А2-/0 2А1-/0 


1А9-/0 1А8/0 1А7-/О 1A6-l/O 1А5-/О 1A41/0  1A3-/O  1A2-/O 1А1-/О 





1B9-/O 188-/0  1B7-/O  1B6-/O 1В5-/0 184-/0  1B3-/O  1B2-/O 181-/0 


Figure 9. 18-Bit PSA/PRPG Configuration (1ОЕА = 2ОЕА = 0, ТОЕВ = 2OEB = 1) 
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2B9-/O  2B8-/O  2B7-/O 286-/0 2850 284/0  2B3-/O 282-/0 2В1-/О 





1A9-/0 1А8-/О 1А7-/0 1А6-/0 | 1A5-/O  1A4-/O  1A3-/O 1ҮЛ2-/0 1А1-/О 


Figure 10. 18-Bit PSA/PRPG Configuration (1ОЕА = 20EA = 1, 10EB = 20EB = 0) 
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simultaneous PSA and binary count up (PSA/ COUNT) 


Data appearing at the selected device input-mode І/О pins is compressed into an 18-bit parallel signature in 
the shift-register elements of the selected input-mode BSCs on each rising edge of TCK. At the same time, an 
18-bit binary count-up pattern is generated in the shift-register elements of the selected output-mode BSCs on 
each rising edge of TCK, updated in the shadow latches, and applied to the associated device I/O pins on each 
falling edge of TCK. Figures 11 and 12 show the 18-bit linear-feedback shift-register algorithms through which 
the signature is generated. An initial seed value should be scanned into the BSR before performing 
this operation. 


2A9-/O  2A8-/O 2А7-/0  2A6-/O 2А5-/0 2А4-/0 2A3-/0  2A2-/O  2A1-l/O 


1A9-//O 1А8-4/0 1А7-/0 1А6-/0  1A5-/O 1А4/0  1A3-/O  1A2-/O 1A1-I/0 





ааа аа 00 


2B9-/O  2B8-/O 287-/0 286-/0  2B5-/O 2840  2B3-/O 282/0 281-/0 


80 009000006 


1B9-/O  1B8-/O 187-/0  1B6-/O  1B5-/O 1840  1B3-/O 182-10 181-/0 


Figure 11. 18-Bit PSA/COUNT Configuration (1ОЕА = 2OEA = 0, 10EB = 2OEB = 1) 
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2B9-/O 288-/0 287-10  2B6-/O  2B5-/O 28400 283-/0  2B2-/O 281-/0 





я 


2А9-/0 2А8-/0 2А7-/0 2А6-/0  2A5-/O 2А4-/О 2A3-/O 2А2-/0 2А1-/О 


й 0000 


1А9-/0 1А8-/О 1А7-ЈО 1А6-/0  1A5-/O  1A4-/O  1A3-/O 1А2-/0 1А1-/0 


Figure 12. 18-Bit PSA/COUNT Configuration (10EA = 20EA = 1, 10EB = 2OEB = 0) 
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timing description 


All test operations of the 'LVTH18640 and 'LVTH182640 are synchronous to TCK. Data on the TDI, TMS, and 
normal-function inputs is captured on the rising edge of TCK. Data appears on the TDO and normal-function 
output pins on the falling edge of TCK. The TAP controller is advanced through its states (as shown in Figure 1) 
by changing the value of TMS on the falling edge of TCK and then applying a rising edge to TCK. 


A simple timing example is shown in Figure 13. In this example, the TAP controller begins in the 
Test-Logic-Reset state and is advanced through its states as necessary to perform опе instruction-register scan 
and one data-register scan. While in the Shift-IR and Shift-DR states, TDI is used to input serial data, and ТОО 
is used to output serial data. The TAP controller is then returned to the Test-Logic-Reset state. Table 5 details 
the operation of the test circuitry during each TCK cycle. 


TCK 
CYCLE(S) 


Table 5. Explanation of Timing Example 


TAP STATE 
AFTER TCK DESCRIPTION 
А TMS is changed to а logic 0 value on the falling edge of TCK to begin advancing the TAP controller toward 
Test-Logic-Reset | the desired state. 


Run-Testldle 


Вавонб | — O  —  — I ar r rC  —— 


2 
__3 | 
4 | Select-IR-Scan 


1 

3 

4 
-13 










The IR captures the 8-bit binary value 10000001 on the rising edge of ТСК as the TAP controller exits the 
Capture-IR state. 


ТОО becomes active and ТО! is made valid on the falling edge of ТСК. The first bit is shifted into the TAP 
on the rising edge of TCK as the TAP controller advances to the next state. 


Shift-IR 
One bit is shifted into the IR on each ТСК rising edge. With TDI held at a logic 1 value, the 8-bit binary value 
11111111 is serially scannedintothe IR. Atthe same time, the 8-bit binary value 10000001 is serially scanned 
out of the IR via TDO. in TCK cycle 13, TMS is changed to a logic 1 value to end the IR scan on the next 


TCK cycle. The last bit of the instruction is shifted as the TAP controller advances from Shift-IR to Exit1-iR. 
| i Seen | ____________________________ 


The bypass register captures a logic 0 value on the rising edge of TCK as the TAP controller exits the 
Capture-DR Capture-DR state. 
18 


Shift-DR TDO becomes active and TDI is made valid on the falling edge of TCK. The first bit is shifted into the TAP 


on the rising edge of TCK as the TAP controller advances to the next state. 


ift-DR The binary value 101 is shifted in via TDI, while the binary value 010 is shifted out via TDO. 
TDO becomes inactive (goes to the high-impedance state) on the falling edge of TCK. 
Update-DR In general, the selected data register is updated with the new data on the falling edge of TCK. 


[2 | 
BEN 


Capture-IR 




















Select-IR-Scan 
Test-Logic-Reset 





Test operation completed 
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12 3 4 5 6 7 8 9 10 1i 12 13 14 15 16 17 18 19 20 21 22 23 24 25 


AAA AAA UIN ААА А INL Waa N N( NC S Sd 
ооо оо 





666656669 
009990990000 


“< Io |Е | Е | с сісісіс с с | ж | Е | Е | 5 

8 | 5 КЕ т = | 3 | в а a aio 8 

$5 2 | š š 5128 8 : |è ° 

с 2 1 1 5 с % 9 ' ~ Е = а , 4% с 

и ВЕ ЕЕ Š Е 5 Е 
Controller} P £ |2 |% | à э| {8 5151519 
зае | |2 |8 |° e | ° 2 |2 | 2 
5 8 $ 219 5 

È е 


[x 3-State (TDO) or Don't Care (TDI) 


Figure 13. Timing Example 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 


Supply voltage. range, VCG ......................................................... —0.5 V to 4.6 V 

Input voltage range, VI (see Note 1) .................................................. —0.5 V to 7 V 

Voltage range applied to any output іп the high state or power-off state, Vo (see Note 1) .... —0.5 Vto 7 V 

Current into any output in the low state, lo: SN54LVTH18640 ................................. 96 mA 

SN54LVTH182640 (A port or TDO) .................. 96 mA 

SN54LVTH182640 (B port) ......................... 30 mA 

SN74LVTH18640 ................................. 128 mA 

SN74LVTH182640 (A portor TDO) ................. 128 mA 

SN74LVTH182640 (B port) ......................... 30 mA 

Current into any output in the high state, lo (see Note 2): БМ54 УТН18640 ...................... 48 mA 

SN54LVTH182640 (A port or TDO) ...... 48 mA 

SN54LVTH182640 (B port) ............. 30 mA 

SN74LVTH18640 ...................... 64 mA 

SN74LVTH182640 (A port or TDO) ...... 64 mA 

SN74LVTH182640 (B port) ............. 30 mA 

Input clamp current, le (VI <0) ans esser ае ивана беа қ қа бақа ааа mno -50 ПА 
Output clamp current; lok (Vo <0) ........................................................ -50 ПА | 

Maximum power dissipation at TA = 55°C (in still air) (see Note 3): DGG package ................... 1W 

DL package .................... 1.4 W 

Storage temperature range, E E E —65*C to 150°C 


1 Stresses beyond those listed under “absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1. The input and output negative-voltage ratings can be exceeded if the input and output clamp-current ratings are observed. 

2. This current will only flow when the output is in the high state and Мо > Vcc. 

3. The maximum package power dissipation is calculated using a junction temperature of 150°C and a board trace length of 750 mils. 
For more information, refer to the Package Thermal Considerations application note in the ABT Advanced BiCMOS Technology Data 
Book, literature number SCBD002. 
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recommended operating conditions 


SN54LVTH18640 | SN74LVTH18640 
| MN  MAX| MN  MAX| МТ 






Vcc Supply voltage 2.7 3.6 
Гун _High-levelinputvotage — |> |: [у] 
[Vi lowbvipuvoag — — | [v| 
у трие ________________________-5] ______--5| v| 
| о. — Lowiwloupucuem ОЕ sj е 
[if іона] a 

At/Av Input transition rise or fall rate | Outputs enabled | ш _______ 10 | nsW | 
[TA — Opemingreeartempeaue CY в | 


T Current duty cycle < 50%, f > 1 kHz 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) (see Note 4) 





















PARAMETER TEST CONDITIONS зрее EI UNIT 
MIN ТҮРЕ МАХ MIN ТҮРІ МАХ 
ee ET 
Vcc = MIN to МАХ, Тон = -100 pA Усс-0.2 Усс-0.2 
кол лә, 
чон Gsm [4 КАИ ow 
Voc -3V lon=-24mA | 2 j| | 
im ОИ [| 
i-a L | 68 
Voc = 2.7 V oL а 
о 65] 
ion tema | a 
VOL or V 
ҮЛЕСІ: — | — — | — 95, 
Усс + ЗМ 
IOL = 48 mA ПЕС ORS | а el 
loL = 64 mA 05 
Vogss8W Wie Vogor GND 
DIR, TCK со panels 
ЕРЕСИ ООС ОИС 
E. | Vis 55V ыы 
че ы. йез у у. оар cos os s d] 
TMS Vi= УСС ҺА 
s w| 2 w 
па - ПЕСЕН лла C л 
ports§ Voc = 3.6 У VI = Vcc 1 1 
о pee epe 
и 777 vovas —  — м | 
q [Ао (ates VI = 0.8 V 75 500 75 150 50] 
По) | ports pos V = 2V -75 -500 75 -170 -500| # 
m ЕТ Vo=8V ee ee NER 
Ол. ЕТО ЕО | — L ИТ 
ері Уос-0015%  Уо-05/29У = 
pzep [100 [Voc 15 V100,  Vo=05Ver3V i50 
мос зем, [out ih 
сс 090 Outputs ow 


- 
N 


Vi=VccorGND — [Outputs disabled 






Усс = 3 V to 3.6 V, 
One input at Vcc - 0.6 V, 
Other inputs at Усс or GND 


а _________|М аду сго 
Ср МО =3Vor0 
о ________| о 8 Vor 


Т All typical values are at Voc = 3.3 V, Ta = 25°C. 

+ For conditions shown as MIN ог MAX, use the appropriate value specified under recommended operating conditions. 
S Unused pins at Усс or GND 

T The parameter (пою) includes the off-state output leakage current. 

# This is the increase in supply current for each input that is at the specified TTL voltage level rather than Усс or GND. 
NOTE 4: Product preview specifications are design goals only and are subject to change without notice. 










— 
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timin requirements over recommended operating free-air temperature range (unless otherwise 
noted) (test mode) (see Note 4 and Figure 14) 


5М541.УТН18640 5М741УТН18640 
UNIT 


Voc = 9.3 V Voc = 3.3 V 


ey [Еа ааыа 
ы Seuptime ов T J] 
mser ОО ОО e T — 
[a,8,DIR,orOEatertoxT | — — L — — [5 T И 
mark LC C TI s Too 

авто [Рони отк — | +. [№ | 


NOTE 4: Product preview specifications are design goals only and are subject to change without notice. 
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switching characteristics over recommended operating free-air temperature range (unless 
otherwise noted) (norma! mode) (see Note 4 and Figure 14) | 


SN54LVTH18640 SN74LVTH18640 
TO 
PARAMETER (OUTPUT) 


Усс =3.3V Voc =3.3V 


FROM 
(INPUT) 
(PHL р 55] ____ 
аер o) 
tPZL 
PHZ BorA 
tPLZ 
NOTE 4: Product preview specifications are design goals only and are subject to change without notice. 














switching characteristics over recommended operating free-air temperature range (unless 
otherwise noted) (test mode) (see Note 4 and Figure 14) 


SN54LVTH18640 SN74LVTH18640 
FROM TO 
PARAMETER (INPUT) (OUTPUT) 


Усс = 3.3 V Е Усс = 3.3 V _ 
тах | ТОК r l | _! jJ | 
ooo | 125 5) | 

РЕН TCKL AorB 





MHz 








ae ERN ee eee 

ae === Еа тр = 
РЕН TOCKU TDO 

Eo o АҒАН du BB еј. 2. 3 

ERE Шалы TAE чш DERE 
PZH ТСК AorB 

раар 

| IR quota. 7 ëO 
PZH теку TDO ш 

Cac КЕ БЕЗ Ед БЕКЕН 

никак as MERE NC uapa: 

(БЕНЕН a CP 35 ee |) eee 

aaa aera тов] 
мај теку TDO 

(ШЕКЕ КӨШЕМЕН ШЕТБЕГІ ЕРЕН 


NOTE 4: Product preview specifications аге design goals only and are subject to change without notice. 


\ 
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recommended operating conditions 


SN54LVTH182640 | SN74LVTH182640 
[мм мах | "T 
м 


| MIN МАХ) 

ун ншнен E, 

VIL i [8 

| 
-24 






Low-level input voltage 
V Input voltage 


| Арто || ET 
loH High-level output current mA 
OL 


A pon or TDO 
| Low-level output current mA 

B por 

4 








laut Low-level output current A port or TDO 
At/Av Input transition rise or fall rate Outputs enabled 


ТА Operating free-air temperature | -5 1251 -40 85 


T Current duty cycle < 50%, f > 1 kHz 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) (see Note 4) 












SN54LVTH182640 SN74LVTH182640 
| PARAMETER | TEST CONDITIONS МІН ТҮРІ МАХ MN TYP] MAX UNIT 

E 1 WIR аара 
Усс = MIN to МАХ, Іон = –100 pA Усс-92 Усс-0.2 
oM ЛА 4 

s ончат Е = И 

VoH TDO Іон =-8 mA 2. V 

ои aate — РР E 

ЕСТЕ a к= = — 


PEDIS pee n 
EDIT — == 
Spon ЗЕЕ i stam D 






ПОА — || -______ 02 
Voc =2.7V Ора ра 
оре та | CY 
| A port, loL = 16 mA 4) 04 
V 195 101. = 32 mA ИЕККЕ | ee oe 
OL T oL- 









ee ee а — 
prox [рт =o MAG, VSV 5 nr = 

СЕЛІ |vco=36v зв БИНЕ Lu 
оер с = el 

о уставу м1 

мо ор асер = 

са ° veg: тш ИЕ с ш 
дог Мамо лесс саю OD 
— узу Е ИЕ СИЕ 
= ко}: 36V — Vozy = = еа 
ол [ro [стз о-у | ____-| — Y 
Pars, [reo Фото ЕСТ ИЕ os 
Погвр [120 |Voc-15Vte,  Vos0sVorsv 
Voo=36v,  [Ouputs hion el 


се 


9*6 Outputs low pL 7%». 
и -Уссо вм _ [Oups disabled — E 


Alec Voc = 3 V to 3.6 V, One input at Voc - 0.6 V, 
СС Other inputs at Voc or GND 


° 
ШЕЕ ERRE 


НИ а анан 
ЕАН CIEE е сш зор ее 
о, осзуоо ae ee CUN 





T All typical values are at Voc = 3.3 V, ТА = 25°С. 

+ For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
S Unused pins at Voc or GND 

1 The parameter li(hold) includes the off-state output leakage current. 

# This is the increase in supply current for each input that is at the specified TTL voltage level rather than Усс or GND. 
NOTE 4: Product preview specifications are design goals only and are subject to change without notice. 
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timing requirements over recommended operating free-air temperature range (unless otherwise 
noted) (test mode) (see Note 4 and Figure 14) 


SN54LVTH182640 SN74LVTH182640 
мез 3.3 V Voc = p Зу 


скок Cesk rose Sees S шағи у ы rail 



















| L ЕСТЕН 
о шг | ү 
setptine трето ОИ L ООН ЕО 
ООО | L ЕО И 
Гаври, РР а 
h Holatine ат 
msaare ОО Te — 
Га oome ГТС —| — — | CC — во I 
A Reüm ___осреже — | ОИ ПО гы” 





NOTE 4: Product preview specifications are design goals only and are subject to change without notice. 
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switching characteristics over recommended operating free-air temperature range (unless 
otherwise noted) (normal mode) (see Note 4 and Figure 14) 


SN54LVTH182640 SN74LVTH182640 
FROM TO Voc = 3.8 V _ Voc = 3.3 V в 
PARAMETER (INPUT) (QUTPUT) Усс 227 V Усс-27У | UNIT 


Ен в ыш] 
ТРН | о | sehen ан А а ЕВЕ NO ет 


— = | 


МОТЕ 4: ae preview specifications are design goals only and are subject to change without notice. 











switching characteristics over recommended operating free-air temperature range (unless 
otherwise noted) (test mode) (see Note 4 and Figure 14) 


bis ть 


TCKL 


= 4: сата preview specifications are design goals only and are subject to change without notice. 
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PARAMETER MEASUREMENT INFORMATION 






o 9V 
From Output O Open 
Under Test GND 
CL = 50pF tPLH/tPHL 
= tp, zit 
(see Note A) 5000 PLZ/tPZL 
tPHz/tPZH 
LOAD CIRCUIT 
Timing Input 
| x | 
| | 27V 
| | 27ү 
Input 1.5V 1.5V Data Input 1.5V 
ov оу 
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS 
PULSE DURATION SETUP AND HOLD TIMES 
27V 2.7V 
Input 15V 15V ии Казу 15у 
Control оу 
| | ov | | 
d ae Ра —» нді m 
PLH PH | ir» =: 
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VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES ENABLE AND DISABLE TIMES 
INVERTING AND NONINVERTING OUTPUTS LOW- AND HIGH-LEVEL ENABLING 


NOTES: A. C, includes probe and jig capacitance. 
B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 
C. Allinput pulses are supplied by generators having the following characteristics: PRR < 10 MHz, Zo = 50 О, tr $2.5 ns, {< 2.5 ns. 
D. The outputs are measured one at a time with one transition per measurement. 


Figure 14. Load Circuit and Voltage Waveforms 
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SN54LVT 18502 
3,3-У ABT SCAN TEST DEVICE 


WITH 18-BIT UNIVERSAL BUS TRANSCEIVERS 





Member of the Texas Instruments SCOPE™ 
Family of Testability Products 


Member of the Texas Instruments 
Widebus™ Family 


State-of-the-Art 3.3-V ABT Design Supports 
Mixed-Mode Signal Operation (5-V Input 
and Output Voltages With 3.3-V Усс) 
Supports Unregulated Battery Operation 
Down to 2.7 V 

UBT™ (Universal Bus Transcelver) 
Combines D-Type Latches and D-Type 
Flip-Flops for Operation In Transparent, 
Latched, or Clocked Mode 

Bus Hold on Data Inputs Eliminates the 
Need for External Pullup Resistors 


Compatible With the IEEE Standard 


SCBS669 — JULY 1996 


1149.1-1990 (JTAG) Test Access Port and 
Boundary-Scan Architecture 


SCOPE ™ Instruction Set 

- IEEE Standard 1149.1-1990 Required 
Instructions and Optional CLAMP and 
HIGHZ 

— Parallel-Signature Analysis at Inputs 

- Pseudo-Random Pattern Generation 
From Outputs 

- Sample Inputs/Toggle Outputs 

- Binary Count From Outputs 

— Device Identification 

— Even-Parity Opcodes 

Packaged in 68-Pin Ceramic Quad Flat (HV) 

Packages Using 25-mil Center-to-Center 

Spacings 


HV PACKAGE ` 
(TOP VIEW) 


NC - No internal connection 


SCOPE, Widebus, and UBT are trademarks of Texas Instruments Incorporated. 





a 
2 
5 
иш 


|] 181 
|] 182 
1 183 





PRODUCTION DATA information is current as of publication date. 
Products conform to specifications per the terms of Texas Instruments 
standard warranty. Production processing does not necessarily include 
testing of all parameters. 


X Texas 


Copyright © 1996, Texas Instruments Incorporated 
On products compliant to MIL-PRF-38535, all parameters are tested 
unless otherwise noted. On all other products, production 
processing does not necessarily Include testing of all parameters. 
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description 


The SN54LVT18502 scan test device with 18-bit universal bus transceivers is a member of the Texas 
Instruments SCOPE™ testability integrated-circuit family. This family of devices supports IEEE Standard 
1149.1-1990 boundary scan to facilitate testing of complex circuit-board assemblies. Scan access to the test 
circuitry is accomplished via the 4-wire test access port (TAP) interface. 


Additionally, this device is designed specifically for low-voltage (3.3-V) Усс operation, but with the capability 
to provide a TTL interface to a 5-V system environment. 


In the normal mode, this device is an 18-bit universal bus transceiver that combines D-type latches and D-type 
flip-flops to allow data flow in transparent, latched, or clocked modes. It can be used either as two 9-bit 
transceivers or one 18-bit transceiver. The test circuitry can be activated by the TAP to take snapshot samples 
of the data appearing at the device pins or to perform a self test on the boundary-test cells. Activating the TAP 
in the normal mode does not affect the functional operation of the SCOPE™ universal bus transceivers. 


Data flow in each direction is controlled by output-enable (OEAB and OEBA), latch-enable (LEAB and | ЕВА), 
and clock (CLKAB and CLKBA) inputs. For A-to-B data flow, the device operates in the transparent mode when 
LEAB is high. When LEAB is low, the A-bus data is latched while CLKAB is held at a static low or high logic level. 
Otherwise, if LEAB is low, A-bus data is stored on a low-to-high transition of CLKAB. When OEAB is low, the 
B outputs are active. When OEAB is high, the B outputs are in the high-impedance state. B-to-A data flow is 
similar to A-to-B data flow, but uses the OEBA, LEBA, and CLKBA inputs. 


In the test mode, the normal operation of the SCOPE™ universal bus transceivers is inhibited and the test 
circuitry is enabled to observe and control the I/O boundary of the device. When enabled, the test circuitry 
performs boundary-scan test operations according to the protocol described in IEEE Standard 1149.1-1990. 








Four dedicated test pins are used to observe and control the operation of the test circuitry: test data input (TDI), 
test data output (TDO), test mode select (TMS), and test clock (TCK). Additionally, the test circuitry performs 
other testing functions such as parallel-signature analysis (PSA) on data inputs and pseudo-random pattern 
generation (PRPG) from data outputs. All testing and scan operations are synchronized to the TAP interface. 


Active bus-hold circuitry is provided to hold unused or floating data inputs at a valid logic level. 
The SN54LVT18502 is characterized for operation over the full military temperature range of -55°C to 125°C. 


FUNCTION TABLET 
(normal mode, each register) 


INPUTS OUTPUT 
B 


OEAB LEAB CLKAB A 
Bot 











L 
H 
L 





H 
2 





t A-to-B data flow is shown. B-to-A data flow is similar 
but uses OEBA, LEBA, and CLKBA. 

+ Output level before the indicated steady-state input 
conditions were established 
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functional block diagram 


Boundary-Scan Register 
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1LEAB p 
1CLKAB — p 
Усс 
16EAB — > 
iLEgA <D 
67 
1CLKBA 
Voc 2 
10EBA -2> D 
= 
3 | 2 
1A1 
| 
< 
L = 
2LEAB -32 7 
33 
2CLKAB 
Voc 7 
20ЕАБ —. > 
39 | 
21 ЕВА » | 
38 
2CLKBA 
Усс 4 
20EBA — Pai 
> || 
2A1 -20 | 
= 





| Bypass Register 
№ Boundary-Control 
Register 
Identification 
Register 
Усс | 
34 Instruction 
| 


49 TEXAS 
INSTRUMENTS 


POST OFFICE BOX 655303 9 DALLAS, TEXAS 75265 7-5 






TAP 
Controller 


= = 
о = 
^ о 
о |© 
ч |6 
VV V 








SN54LVT 18502 
3.3-V ABT SCAN TEST DEVICE 
WITH 18-BIT UNIVERSAL BUS TRANSCEIVERS 


SCBS669 – JULY 1996 





Terminal Functions 


TERMINAL NAME DESCRIPTION 


1A1-1A9, 
2А1-2А9 


1B1-1B9, 
281–289 


1CLKAB, 1CLKBA, я у - Е 
2CLKAB, 2CLKBA Normal-function clock inputs. See function table for normal-mode logic. 


Ground 


1LEAB, 1LEBA, ; | ; 
2LEAB, 2LEBA Normal-function latch enables. See function table for normal-mode logic. 


Normal-function output enables. See function table for normal-mode logic. An internal pullup at each terminal forces the 
terminal to a high level if left unconnected. 


Normat-function A-bus I/O ports. See function table for normal-mode logic. 


Normal-function B-bus I/O ports. See function table for normal-mode logic. 


Test clock. One of four terminals required by IEEE Standard 1149.1-1990. Test operations of the device are synchronous 
to TCK. Data is captured on the rising edge of TCK and outputs change on the falling edge of TCK. 


Test data output. One of four terminals required by IEEE Standard 1149.1-1990. ТОО is the serial output for shifting data 
through the instruction register or selected data register. 


Test mode select. One of four terminals required by IEEE Standard 1149. 1-1990. TMS directs the device through its TAP 
controller states. An internal pullup forces TMS to a high level if left unconnected. 


Supply voltage 


1OEAB, 1OEBA, 

2ОЕАВ, 20ЕВА 
TDI Test data input. One of four terminals required by IEEE Standard 1149.1-1990. TDI is the seríal input for shifting data 
through the instruction register or selected data register. An internal pullup forces TDI to a high level if left unconnected. 
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test architecture 


Serial-test information is conveyed by means of a 4-wire test bus or TAP that conforms to IEEE Standard 
1149.1-1990. Test instructions, test data, and test control signals all are passed along this serial-test bus. The 
TAP controller monitors two signals from the test bus, TCK and TMS. The TAP controller extracts the 
synchronization (TCK) and state control (TMS) signals from the test bus and generates the appropriate on-chip 
control signals for the test structures in the device. Figure 1 shows the TAP-controller state diagram. 


The TAP controller is fully synchronous to the TCK signal. Input data is captured on the rising edge of TCK and 
output data changes on the falling edge of TCK. This scheme ensures that data to be captured is valid for fully 
one-half of the TCK cycle. 


The functional block diagram shows the IEEE Standard 1149.1-1990 4-wire test bus and boundary-scan 
architecture and the relationship among the test bus, the TAP controller, and the test registers. The device 
contains an 8-bit instruction register and four test-data registers: a 48-bit boundary-scan register, a 3-bit 
boundary-control register, a 1-bit bypass register, and a 32-bit device identification register. 


Test-Logic-Reset 





TMS =H 





Run-TestIdle Select-DR-Scan 


Capture-DR 


Pause-DR í 





Select-IR-Scan 


TMS = L 


Capture-IR 









TMS = L 














Figure 1. TAP-Controller State Diagram 
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state diagram description 


The TAP controller is a synchronous finite state machine that provides test-control signals throughout the 
device. The state diagram shown in Figure 1 is in accordance with IEEE Standard 1149.1-1990. The TAP 
controller proceeds through its states based on the level of TMS at the rising edge of TCK. 


As shown, the TAP controller consists of 16 states. There are six stable states (indicated by a looping arrow in 
the state diagram) and ten unstable states. A stable state is a state the TAP controller can retain for consecutive 
TCK cycles. Any state that does not meet this criterion is an unstable state. 


There are two main paths through the state diagram: one to access and control the selected data register and 
one to access and control the instruction register. Only one register can be accessed at a time. 


Test-Logic-Reset 


The device powers up in the Test-Logic-Reset state. In the stable Test-Logic-Reset state, the test logic is reset 
and is disabled so that the normal logic function of the device is performed. The instruction register is.reset to 
an opcode that selects the optional IDCODE instruction, if supported, or the BYPASS instruction. Certain data 
registers can also be reset to their power-up values. 


The state machine is constructed such that the TAP controller returns to the Test-Logic-Reset state in no more 
than five TCK cycles if TMS is left high. TMS has an internal pullup resistor that forces it high if left unconnected 
or if a board defect causes it to be open circuited. 


For the SN54LVT18502, the instruction register is reset to the binary value 10000001, which selects the 
IDCODE instruction. Bits 47-44 in the boundary-scan register are reset to logic 1, ensuring that these cells that 
control A-port and B-port outputs, are set to benign values (i.e., if test mode were invoked the outputs would 
be at the high-impedance state). Reset value of other bits in the boundary-scan register should be considered 
indeterminate. The boundary-control register is reset to the binary value 010, which selects the PSA 
test operation. 


Run-Test/idle 


The TAP controller must pass through the Run-Test/Idle state (from Test-Logic-Reset) before executing any test 
operations. The Run-Test/Idle state also can be entered following data-register or instruction-register scans. 
Run-Test/Idle is a stable state in which the test logic can be actively running a test or can be idle. The test 
operations selected by the boundary-control register are performed while the TAP controller is in the 
Run-Test/Idle state. 


Select-DR-Scan, Select-IR-Scan 


No specific function is performed in the Select-DR-Scan and Select-IR-Scan states, and the TAP controller exits 
either of these states on the next TCK cycle. These states allow the selection of either data-register scan or 
instruction-register scan. 


Capture-DR 


When a data-register scan is selected, the TAP controller must pass through the Capture-DR state. In the 
Capture-DR state, the selected data register can capture a data value as specified by the current instruction. 
Such capture operations occur on the rising edge of TCK, upon which the TAP controller exits the 
Capture-DR state. 
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Shift-DR 


Upon entry to the Shift-DR state, the data register is placed in the scan path between TDI and TDO. On the first 
falling edge of TCK, TDO goes from the high-impedance state to an active state. TDO enables to the logic level 
present in the least-significant bit of the selected data register. 


While in the stable Shift-DR state, data is serially shifted through the selected data register on each TCK cycle. 
The first shift occurs onthe first rising edge of TCK after entry to the Shift-DR state (i.e., no shifting occurs during 
the TCK cycle in which the TAP controller changes from Capture-DR to Shift-DR or from Exit2-DR to Shift-DR). 
The last shift occurs on the rising edge of TCK, upon which the TAP controller exits the Shift-DR state. 


Exit1-DR, Exit2-DR 


The Exit1-DR and Exit2-DR states are temporary states that end a data-register scan. It is possible to return 
to the Shift-DR state from either Exit1-DR or Exit2-DR without recapturing the data register. On the first falling 
edge of ТСК after entry to Exit1-DR, ТОО goes from the active state to the high-impedance state. 


Pause-DR 


No specific function is performed in the stable Pause-DR state, in which the TAP controller can remain 
indefinitely. The Pause-DR state suspends and resumes data-register scan operations without loss of data. 


Update-DR 


If the current instruction calls for the selected data register to be updated with current data, such update occurs 
on the falling edge of TCK, following entry to the Update-DR state. 


Capture-IR 


When an instruction-register scan is selected, the TAP controller must pass through the Capture-IR state. In 
the Capture-IR state, the instruction register captures its current status value. This capture operation occurs 
on the rising edge of ТСК, upon which the TAP controller exits the Capture-IR state. For the SN54LVT18502, 
the status value loaded in the Capture-IR state is the fixed binary value 10000001. 


Shift-IR 


Upon entry to the Shift-IR state, the instruction register is placed in the scan path between TDI and TDO. On 
the first falling edge of TCK, TDO goes from the high-impedance state to the active state. TDO enables to the 
logic level present in the least-significant bit of the instruction register. 


While in the stable Shift-IR state, instruction data is serially shifted through the instruction register on each TCK 
cycle. The first shift occurs on the first rising edge of TCK after entry to the Shift-IR state (i.e., no shifting occurs 
during the TCK cycle in which the TAP controller changes from Capture-IR to Shift-IR or from Exit2-IR to 
Shift-IR). The last shift occurs on the rising edge of TCK, upon which the TAP controller exits the Shift-IR state. 


Exit1-IR, Exit2-IR 


The Exit1-IR and Exit2-IR states are temporary states that end an instruction-register scan. It is possible to 
return to the Shift-IR state from either Exit1-IR or Exit2-IR without recapturing the instruction register. On the 
first falling edge of TCK after entry to Exit1-IR, TDO goes from the active state to the high-impedance state. 


Pause-IR 


No specific function is performed in the stable Pause-IR state, in which the TAP controller can remain 
indefinitely. The Pause-IR state suspends and resumes instruction-register scan operations without loss 
of data. 


Update-IR 


The current instruction is updated and takes effect on the falling edge of TCK, following entry to the 
Update-IR state. 
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register overview 


With the exception of the bypass and device-identification registers, any test register can be thought of as a 
serial shift register with a shadow latch on each bit. The bypass and device-identification registers differ in that 
they contain only a shift register. During the appropriate capture state (Capture-IR for instruction register, 
Capture-DR for data registers), the shift register can be parallel loaded from a source specified by the current 
instruction. During the appropriate shift state (Shift-IR or Shift-DR), the contents of the shift register are shifted 
out from TDO while new contents are shifted in at TDI. During the appropriate update state (Update-IR or 
Update-DR), the shadow latches are updated from the shift register. 


instruction register description 


The instruction register (IR) is eight bits long and tells the device what instruction is to be executed. Information 
contained in the instruction includes the mode of operation (either normal mode, in which the device performs 
its normal logic function, or test mode, in which the normal logic function is inhibited or altered), the test operation 
to be performed, which of the four data registers is to be selected for inclusion in the scan path during 
data-register scans, and the source of data to be captured into the selected data register during Capture-DR. 


Table 3 lists the instructions supported by the SN54LVT18502. The even-parity feature specified for SCOPE™ 
devices is supported in this device. Bit 7 of the instruction opcode is the parity bit. Any instructions that are 
defined for SCOPE™ devices but are not supported by this device default to BYPASS. 


During Capture-IR, the IR captures the binary value 10000001. As an instruction is shifted in, this value is shifted 
out via ТОО and can be inspected as verification that the IR is in the scan path. During Update-IR, the value 
that has been shifted into the IR is loaded into shadow latches. At this time, the current instruction is updated 
and any specified mode change takes effect. At power up or in the Test-Logic-Reset state, the IR is reset to the 
binary value 10000001, which selects the IDCODE instruction. The IR order of scan is shown in Figure 2. 


ви? 
TDI —> Parity Bit 6 BIt O TDO 
(MSB) (LSB) 


Figure 2. Instruction Register Order of Scan 
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data register description 


boundary-scan register 


The boundary-scan register (BSR) is 48 bits long. It contains one boundary-scan cell (BSC) for each 
normal-function input pin and one BSC for each normal-function I/O pin (one single cell for both input data and 
output data). The BSR is used 1) to store test data that is to be applied externally to the device output pins, 
and/or 2) to capture data that appears internally at the outputs of the normal on-chip logic and/or externally at 
the device input pins. 

The source of data to be captured into the BSR during Capture-DR is determined by the currentinstruction. The 
contents of the BSR can change during Вип-Тез е, as determined by the current instruction. At power up 
or in Test-Logic-Reset, BSCs 47-44 are reset to logic 1, ensuring that these cells, which control A-port and 
B-port outputs, are set to benign values (i.e., if test mode were invoked, the outputs would be at the 
high-impedance state). Reset values of other BSCs should be considered indeterminate. 


The BSR order of scan is from TDI through bits 47-0 to ТОО. Table 1 shows the BSR bits and their associated 
device pin signals. 


Table 1. Boundary-Scan Register Configuration 


NUMBER SIGNAL NUMBER SIGNAL NUMBER SIGNAL 
е | в [ м | zuo | 16 | вю | 
[4s [| м | ® | мю | 15 | 287-10 | 
Па | лова | 3 [| ro | м | 2660 | 
Га [авы | zo | в | 2660 | 
>» | 1uwe [м | 2o [в [| 28410 | 
Гм [soe [№ [мо [ м | 2690 | 
[Г ® | таква [в | so | ю | 282.10 | 
[ $ | ame | z | zw | • | 25110 | 
[3 | wem | 2 | vex) | s | 18940 | 
“з | ава | 25 | тво | 7 | вю | 
[as | uma [| 2 | мю I s | вю | 
ЕЕ [evo L s [вю | 
ЕЕ Га oe L + [вю | 
Е а ыо BEBE КЕН НЕ eo 
ЕЕ = Го | uo | 2 | вю | 
Е | owe | 3 звено | 
Е = Ге _| амо [о | вю | 
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boundary-control register 


The boundary-control register (BCR) is three bits long. The BCR is used in the context of the boundary-run test 
(RUNT) instruction to implement additional test operations not included in the basic SCOPE?" instruction set. 
Such operations include PRPG, PSA, and binary count up (COUNT). Table 4 shows the test operations that 
are decoded by the BCR. 


During Capture-DR, the contents of the BCR are not changed. At power up or in Test-Logic-Reset, the BCR is 
reset to the binary value 010, which selects the PSA test operation. The BCR order of scan is shown in Figure 3. 


TDO 





Figure 3. Boundary-Control Register Order of Scan 


bypass register 


The bypass register is a 1-bit scan path that can be selected to shorten the length of the system scan path, 
reducing the number of bits per test pattern that must be applied to complete a test operation. During 
Capture-DR, the bypass register captures a logic 0. The bypass register order of scan is shown in Figure 4. 


Figure 4. Bypass Register Order of Scan 
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device-identification register 


The device-identification register (IDR) is 32 bits long. it can be selected and read to identify the manufacturer, 
part number, and version of this device. 


For the SN54LVT 18502, the binary value 00010000000000011100000000101111 (1001СО2Ғ, hex) is captured 
(during Capture-DR state) in the IDR to identify this device as Texas Instruments SN54LVT 18502. 


The IDR order of scan is from TDI through bits 31-0 to ТОО. Table 2 shows the IDR bits and their significance. 


Table 2. Device-Identification Register Configuration 


NUMBER SIGNIFICANCE NUMBER SIGNIFICANCE NUMBER SIGNIFICANCE 

По | мо» — | 2 | PARTNUMBERt4 | ю | MANUFACTUREROOT | 
= | юм ______=5 | PARTNUMBER’ | 9 — | MANUFACTUREROSI | 
= | venson  [ = | РАтмимвеие | 8 | MANUFACTURERO7T | 
ГГ = | 2 | Partuumaern | 7 | MANUFACTUREROST | 
Г = [= | Fans | 6 — | мАМОРАСТОНЕВОВЕ | 
Г = [LU | влатчумвено | s — | мАМОРАСТОНЕВОФ | 
ГГ = [Го [ _вантмомвенов | 4 — | MANUFAGTURERO3T | 
= [= [Го | ретімен? | 3 | MANUFAGTUREROPT | 
Г = [в 1 _вавтмимвенов | 2 | MANUFACTUREROTT_ 
Par мавтчомвеноо | + | MANUFAGTUREROOF | 
р = [в [| ewmowem [о | вая — — 
ЕЕ в Poma | = L = J] 
LE => ма ___вавтмомвевог | — | — = J 
Е УЫ Драми үүт 
= [Г — ІТ | ewweme | — | — — — 


t Note that for TI products, bits 11—0 of the device-identification register always contain the binary value 000000101111 
(02F, hex). 
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The instruction-register opcodes are shown in Table 3. The following descriptions detail the operation of 
each instruction. 


Table 3. Instruction-Register Opcodes 


BINARY CODET 
BIT 7 — BIT 0 SCOPE OPCODE DESCRIPTION SELECTED DATA 
REGISTER 
MSB — LSB 


ооох | ____Осове — —| ___Tdentfcatonread — — | бейейенісаю! | ота | 
[ соо" __| ве | ны | В | Noma | 
epe 
[10:0 [ВР — | — — Вр | бе | Noma —| 
[сю | пом — | Бома | Boundary scan — | Noma |] 
[сою [бетт | Boundary sotte | Boundary scan | Normal — | 
[ооо | — SCANCN | _Boundary-contol register scan — | Boundary conta | Мота | 
[мо | Bypass — | бен _____ Bypass | Кота | 


t Bit 7 is used to maintain even parity in the 8-bit instruction. 
t The BYPASS instruction is executed in lieu of a SCOPE" instruction that is not supported іп the SN54LVT18502 





























boundary scan 


This instruction conforms to the IEEE Standard 1149.1-1990 EXTEST instruction. The BSR is selected in the 
scan path. Data appearing at the device input and I/O pins is captured in the associated BSCs. Data that has 
been scanned into the I/O BSCs for pins in the output mode is applied to the device I/O pins. Data present at 
the device pins, except for output enables, is passed through the BSCs to the normal on-chip logic. For I/O pins, 
the operation of a pin as input or output is determined by the contents of the output-enable BSCs (bits 47-44 
of the BSR). When a given output enable is active (logic 0), the associated 1/О pins operate in the output mode. 
Otherwise, the I/O pins operate in the input mode. The device operates in the test mode. 


Identification read 


This instruction conforms to the IEEE Standard 1149.1-1990 IDCODE instruction. The IDR is selected in the 
scan path. The device operates in the normal mode. 


sample boundary 


This instruction conforms to the IEEE Standard 1149.1-1990 SAMPLE/PRELOAD instruction. The BSR is 
selected in the scan path. Data appearing at the device input pins and I/O pins in the input mode is captured 
іп the associated BSCs, while data appearing at the outputs of the normal on-chip logic is captured in the BSCs 
associated with I/O pins in the output mode. The device operates in the normal mode. 
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bypass scan 


This instruction conforms to the IEEE Standard 1149.1-1990 BYPASS instruction. The bypass register is 
selected in the scan path. A logic 0 value is captured in the bypass register during Capture-DR. The device 
operates in the normal mode. 


control boundary to high impedance 


This instruction conforms to the IEEE Standard 1149.1a-1993 HIGHZ instruction. The bypass register is 
selected in the scan path. A logic 0 value is captured in the bypass register during Capture-DR. The device 
operates in a modified test mode in which all device I/O pins are placed in the high-impedance state, the device 
input pins remain operational, and the normal on-chip logic function is performed. 


control boundary to 1/0 


This instruction conforms to the IEEE Standard 1149.1a-1993 CLAMP instruction. The bypass register is 
selected in the scan path. A logic 0 value is captured in the bypass register during Capture-DR. Data in the ИО 
BSCs for pins in the output mode is applied to the device ИО pins. The device operates in the test mode. 


boundary-run test 


The bypass register is selected in the scan path. A logic 0 value is captured in the bypass register during 
Capture-DR. The device operates in the test mode. The test operation specified in the BCR is executed during 
Run-Test/Idle. The five test operations decoded by the BCR are: sample inputs/toggle outputs (TOPSIP), 
PRPG, PSA, simultaneous PSA and PRPG (PSA/PRPG), and simultaneous PSA and binary count up 
(PSA/COUNT). 


boundary read 


The BSR is selected in the scan path. The value in the BSR remains unchanged during Capture-DR. This 
instruction is useful for inspecting data after a PSA operation. 


boundary self test 


The BSR is selected in the scan path. All BSCs capture the inverse of their current values during Capture-DR. 
In this way, the contents of the shadow latches can be read out to verify the integrity of both shift-register and 
shadow-latch elements of the BSR. The device operates in the normal mode. 


boundary toggle outputs 


The bypass register is selected in the scan path. A logic O value is captured in TT bypass register during 
Capture-DR. Data in the shift-register elements of the selected output-mode BSCs is toggled on each rising 
edge of TCK in Run-Test/ldle and is then updated in the shadow latches and thereby applied to the associated 
device I/O pins on each falling edge of ТСК in Run-Test/ldle. Data in the input-mode BSCs remains constant. 
Data appearing at the device TEM or I/O pins is not captured in the input-mode BSCs. The device operates іп 
the test mode. 


boundary-control-register scan 


The BCR is selected in the scan path. The value in the BCR remains нандай during Capture-DR. This 
operation must be performed before a boundary-run test operation to specify which test operation is to 
be executed. 
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boundary-control-register opcode description 


The BCR opcodes are decoded from BCR bits 2-0, as shown in Table 4. The selected test operation is 
performed while the RUNT instruction is executed in the Run-Test/Idle state. The following descriptions detail 
the operation of each BCR instruction and illustrate the associated PSA and PRPG algorithms. 


Table 4. Boundary-Control Register Opcodes 


BINARY CODE 
BIT 2 > ВТО DESCRIPTION 
MSB — LSB 


Sample inputs/toggle outputs (TOPSIP) 
Pseudo-random pattern generation/36-bit mode (PRPG) 


Simultaneous PSA and PRPG/18-bit mode (PSA/PRPG) 


Simultaneous PSA and binary count up/18-bit mode (PSA/COUNT) 





Parallel-signature analysis/36-bit mode (PSA) 


While the control input BSCs (bits 47-36) are not included in the toggle, PSA, PRPG, or COUNT algorithms, 
the output-enable BSCs (bits 47-44 of the BSR) control the drive state (active or high impedance) of the selected 
device output pins. These BCR instructions are only valid when both bytes of the device are operating in one 
direction of data flow (i.e., 1 OEAB = 1ОЕВА and 2OEAB z 2ОЕВА) and т the same direction of data flow (i.e., 
1OEAB = 2OEAB and 1ОЕВА = 2ОЕВА). Otherwise, the bypass instruction is operated. 

















sample inputs/toggle outputs (TOPSIP) 


Data appearing at the selected device input-mode ИО pins is captured in the shift-register elements of the 
associated BSCs on each rising edge of TCK. Data in the shift-register elements of the selected output-mode 
BSCs is toggled on each rising edge of TCK, updated in the shadow latches, and applied to the associated 
device I/O pins on each falling edge of TCK. 
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pseudo-random pattern generation (PRPG) 


A pseudo-random pattern is generated in the shift-register elements of the selected BSCs on each rising edge 
of ТСК, updated in the shadow latches, and applied to the associated device output-mode I/O pins on each 
falling edge of TCK. Figures 5 and 6 show the 36-bit linear-feedback shift-register algorithms through which the 
patterns are generated. An initial seed value should be scanned into the BSR before performing this operation. 
A seed value of all zeroes does not produce additional patterns. 


2А9-/0 2А8-/О 2А7-/0  2A6-/O  2A5-/O 2А4-/0  2A3-/O  2A2-l/O  2A1-I/O 











1А7-ИО  1A6-/O  1A5-/O  1A4-/O  1A3-/O  1A2-/O 1А1-/0 


gt b 


1А9-/0 1А8-/О 








2B9-/O 2В8-/0 287-10 286-/0  2B5-/O 2В4-/0 28300 2820 2В1-/0 


Ф J > 1B9-/O  1B8-/O 1В7-/0  1B6-/O 1850 18400  1B3-/O 182/0  1B1-l/O 


Figure 5. 36-Bit PRPG Configuration (1OEAB = 20EAB = 0, ТОЕВА = 20ЕВА = 1) 
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2B9-/O  2B8-/O 287-/0  2B6-/O  2B5-/O  2B4-/O 283-00 282-/0 281-/0 


1B9-/0  1B8-/O 187-/0 1В6-/0  1B5-/O  1B4-/O  1B3-/O  1B2-/O 1В1-/О 





© E J > 1A9-/O 1А8-/0  1A7-/O 1А6-/0  1A5-/O  1A4-l/O 1A3-/O  1A2-/O  1A1-l/O 
Figure 6. 36-Bit PRPG Configuration (1OEAB = 20ЕАВ = 1, ТОЕВА = 20ЕВА = 0) 
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parallel-signature analysis (PSA) 


Data appearing at the selected device input-mode I/O pins is compressed into a 36-bit parallel signature in the 
shift-register elements of the selected BSCs on each rising edge of TCK. Data in the shadow latches of the 
selected output-mode BSCs remains constant and is applied to the associated device /О pins. Figures 7 and 8 
show the 36-bit linear-feedback shift-register algorithms through which the signature is generated. An initial 
seed value should be scanned into the BSR before performing this operation. 


2A9-/O 2А8-/0 2А7-/О  2A6-/O 2А5-/О 2А4-/О 2A9-/O  2A2-/O 2А1-/О 












1А7-/О 1А6-/0  1A5-/O 1А4/О  1A3-/O  1A2-/O > 1А1-/0 


зле есенна 


1А9-/0 — 1A8-I/O 





Ф š J > 1В9-/0 1B8-/O  1B7-/O  1B6-/O  1B5-/O 18400  1B3-/O  1B2-/O  1B1-l/O 


Figure 7. 36-Bit PSA Configuration (1OEAB = 2ОЕАВ = 0, 10EBA = 20EBA = 1) 
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2B9-/O  2B8-/O 2В7-/0 286-/0  2B5-/O 2В4-/О 283-/0  2B2-/O 281-/0 





1А9-ИО 1А8-/0 1А7-/0 1ҮА6-/О 1ҮА5-И/О  1A4-J/O 1АЗ-/О 1А2-/0 1А1-/О 














Figure 8. 36-ВИ PSA Configuration (ТОЕАВ = 2ОЕАВ = 1, 1OEBA = 2ОЕВА = 0) 
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simultaneous PSA and PRPG (PSA/PRPG) 


Data appearing at the selected device input-mode I/O pins is compressed into an 18-bit parallel signature in 
the shift-register elements of the selected input-mode BSCs on each rising edge of TCK. At the same time, an 
18-bit pseudo-random pattern is generated in the shift-register elements of the selected output-mode BSCs on 
each rising edge of TCK, updated in the shadow latches, and applied to the associated device I/O pins on each 
falling edge of TCK. Figures 9 and 10 show the 18-bit linear-feedback shift-register algorithms through which 
the signature and patterns are generated. An initial seed value should be scanned into the BSR before 
performing this operation. A seed value of all zeroes does not produce additional patterns. 


2A9-/O 2А8-/О 2А7-/0 2А6-/0 2А5-/0 2А4 00 2A3-/O 2А2-/0 2А1-/О 


1А9-/О 1А8-/О 1А7-/0 1А6-/0 1А5-/0 1А4/0 1АЗ-/О 1А2-/0 1А1-/0 








Figure 9. 18-ВИ PSA/PRPG Configuration (1ОЕАВ = 2ОЕАВ = 0, 10EBA = 20EBA = 1) 
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2B9-/O  2B8-/O  2B7-/O  2B6-/O  2B5-/O 2840 2B3-/O 282-/0 281-/0 





1A9-//O 1А8-/О 1А7-/0 1А6-/0  1A5-l//O 1А4-/О  1A3-I/O 1А2-/0 1A1-1/0 





Figure 10. 18-Bit PSA/PRPG Configuration (1OEAB = 2OEAB = 1, 10EBA = 20EBA = 0) 
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simultaneous PSA and binary count up (PSA/COUNT) 


Data appearing at the selected device input-mode I/O pins is compressed into an 18-bit parallel signature in 
the shift-register elements of the selected input-mode BSCs on each rising edge of TCK. At the same time, an 
18-bit binary count-up pattern is generated in the shift-register elements of the selected output-mode BSCs on 
each rising edge of TCK, updated in the shadow latches, and applied to the associated device I/O pins on each 
falling edge of TCK. Figures 11 and 12 show the 18-bit linear-feedback shift-register algorithms through which 
the signature is generated. An initial seed value should be scanned into the BSR before performing this 
operation. 
ФА9-/0 2А8-/О 2A7-10 2А6-/О 2А5-/0  2A4-l/O  2A3-/O 2А2-/0 2А1-/О 


1А9-/О 1А8-/О 1А7-/0 1А6-/0 1А5-/0 1А4/0 1АЗ-/О 1А2-/О 1А1-/О 





апан ааа 


2B9-/O  2B8-/O 287-/0  2B6-/O  2B5-/O  2B4-/O  2B3-/O  2B2-/O 2В1-/О 


250 009000006 


= 189-/0 1В8-/0  1B7-/O  1B6-/O  1B5-/O 184-10 183-/0  1B2-/O 1В1-/О 


е 


Figure 11. 18-Bit PSA/COUNT Configuration (1ОЕАВ = 2ОЕАВ = 0, 1ОЕВА = 2ОЕВА = 1) 
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2B9-/O  2B8-/O 287-/0  2B6-/O  2B5-/O 284/0  2B3-/O  2B2-/O 281-/0 





В 


2А9-/0 2А8-/0 2А7-/0 2А6-/0 2А5-/0 2А4-/О 2АЗ-/О 2А2-/0 2А1-/О 


сащ I 


Figure 12. 18-Bit PSA/COUNT Configuration (1ОЕАВ = 2OEAB = 1, 10EBA = 2OEBA = 0) 


1A9-/O  1A8-/O  1A7-/O  1A6-/O  1A5-/O  1A4-/O 1АЗ-/О 1А2-/0 1A1-I/0 
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timing description 


All test operations of the SN54LVT18502 and are synchronous to the TCK signal. Data on the TDI, TMS, and 
normal-function inputs is captured on the rising edge of TCK. Data appears on the TDO and normal-function 
output pins on the falling edge of TCK. The TAP controller is advanced through its states (as shown in Figure 1) 
by changing the value of TMS on the falling edge of TCK and then applying a rising edge to TCK. 


A simple timing example is shown in Figure 13. In this example, the TAP controller begins in the 
Test-Logic-Reset state and is advanced through its states, to perform one instruction-register scan and one 
data-register scan. While in the Shift-IR and Shift-DR states, TDI is used to input serial data, and TDO is used 
to output serial data. The TAP controller is then returned to the Test-Logic-Reset state. Table 5 details the 
operation of the test circuitry during each TCK cycle. 

Test-Logic-Reset 


ТСК 
CYCLE(S) 
1 
Run-Test/Idle 


— pole eee 
о ПОЛО 
ee 3 QUNM. 


Table 5. Explanation of Timing Example 


TAP STATE 
AFTER TCK DESCRIPTION 


TMS is changed to a logic 0 value on the falling edge of TCK to begin advancing Ше TAP controller toward 
the desired state. 












Select-IR-Scan 
Capture-IR The IR captures the 8-bit binary value 10000001 on the rising edge of TCK as the TAP controller exits the 
рН! Сарішге-ІН state. 


Shift-IR TDO becomes active and TDI is made valid on the falling edge of TCK. The first bit is shifted into the TAP 


PIE 


Ñ The bypass register captures a logic 0 value on the rising edge of TCK as the TAP controller exits the 
Capture-DR Capture-DR state. 
18 





on the rising edge of TCK as the TAP controller advances to the next state. 







One bit is shifted into the IR on each TCK rising edge. With TD! held ata logic 1 value, the 8-bit binary value 
11111111 is serially scannedinto the IR. Atthe same time, the 8-bit binary value 10000001 is serially scanned 
out of the IR via TDO. In TCK cycle 13, TMS is changed to a logic 1 value to end the IR scan on the next 
ТСК cycle. The last bit of the instruction is shifted as the TAP controller advances from Shift-IR to Exit1-IR. 




















TDO becomes active and TDI is made valid on the falling edge of TCK. The first bit is shifted into the TAP 
on the rising edge of TCK as the TAP controller advances to the next state. 


[ 19-20 | snena | Tho inary valve 101 is слива in via TDL, while the binary value 010s shifted outvia TOO. 
[ zm | Brom — TbObecomesiacive(goesistehghimpedanceste)onetalgedgeoTOK. | 
©з ПЕ ЕЯ пп 
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| Шш_________------___-_-___--_--_ ____-___-_._-_--___-__________.__-__________.-___________ 


1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 


о УУ XX YY 





KIS. 5.525 2K 
50555552550 


с 

О 
T 
= 
x 
Ш 


Shift-IR 


8 

се 

ТАР Ò 
Controller е 
Е 

3 

= 


Capture-IR 
Update-IR 
Capture-DR 
Shift-DR 
Exit1-DR 
Update-DR 


State 


Run-Test/Idie 
Select-DR-Scan 
Select-DR-Scan 
Select-DR-Scan 


E] 3 State (TDO) or Don't Care (TDI) 
Figure 13. Timing Example 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 


Supply voltage range, VCG ......................................................... —0.5 V to 4.6 V 
Input voltage range, Vr (see Note 1) „а y Re EE RR RE -0.5 Vto7 V 
Voltage range applied to any output in the high state or power-off state, Vo (see Note 1) .... -0.5 Vto7 V 
Current into any output in the low state, lg ................................................. 96 mA 
Current into any output in the high state, lo (see Note 2) ..................................... 48 mA 
Input elamp:current, Ine (Vie Оа EROR ELI ЗА Ан Ree cee EE PR CES da -50 mA 
Output clamp current, lo (Vo Ми | _____ ОКЕ —50 mA 
Storage temperature range, Туа ........................................... -65°C to 150°C 


T Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1. The input and output negative-voltage ratings can be exceeded if the input and output clamp-current ratings are observed. 

2. This current only flows when the output is in the high state and Vo > Vcc. 


recommended operating conditions 





















va Раниери е рУ 
Уш Lowsevelinputvotage SOS 
[М Inputvotage У | 
on High-level ouputeurent’ || та 
Pion Low-level ouputeurent 1-2... 
lot Low-level output current | _____48| та | 
АМАМ Input transition rise ог fall rate | Outputs enabled | 10] nw | 
|ТА Operating teeartemperature © | 


+ Current duty cycle < 50%, f > 1 kHz 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 


PARAMETER TEST CONDITIONS MIN ТҮРІ МАХ | UNIT 


Устата PETIT eee 
-- 
— k 
sof ma | 





| Усс = ММ о МАХ,  юн=-100рА | = MIN to | Усс = ММ о МАХ, _____ Юн=-100А | ІОН = -100 pA. Усс-0.2 


|Мес=27М _______ оня ЗА | 2.7 V, loH = — |Мес=27М — — юн=-ЗтА | 
Она -8 mA 
Voc -3V eH 
OH = -24 mA 
loL = 100 
Voc 227 V S TD A 
101 = 24 тА 
101 = 16 mA 
Мс = ЗУ IOL = 32 mA 


ттар 48 mA 


Voo= 36V = Voc or GND мј 

e тк [Veo = 0 or MAS, Сеат po e ccm 
TED) Ee. Я 

Vos ЕЕЕ 


OE,TDI,TMS |Vcc-3.6V 





[= 5.5 У 


A or В ports§ Voc = 3.6 V М = ы 


=0.8V 


1 А rt V V 
n Wen I= -500 


oz TEE) ТТЕ Ню 


lozL TDO Voc = 3.6 V, Мо «0.5 V 
07 
lozPu Vcc = 0to 1.5 V, Vo -05 Vor3V 


(0220 Vec- 15700 Мот о5Уогзу Е. 
в. Outputs high Ore ee 
бс 678 foupusiow — — — ОЕ s] m 
= Voc or GND Outputs бзана Па 3 





да" Voci 3 V to 3.6 V, One input at Усс - 0.6 V, 

АСС Other inputs at Мсс or GND 
fe eave не 
E esser == E 


о, |о-2Уо% pr qe] 


"s T typical values are at Vcc = 3.3 V, Ta = 25°C. 

+ For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
§ Unused pins at Voc or GND 

1 The parameter II(hold) includes the off-state output leakage current. 

# This is the increase in supply current for each input that is at the specified TTL voltage level rather than Voc or GND. 
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timing requirements over recommended operating free-air temperature range (unless otherwise 
noted) (normal mode) (see Figure 14) 


Усс z 3.3 V Ж 


dock — Clock frequency CLKAB or CLKBA ERN 




















CLKAB or CLKBA high or low | 65 | 67 | 
tw Pulse duration 

LEAB or LEBA high ее == 

A before CLKABT ог В before CLKBAT | 36 | 4 | 
би Setuptime акта | за | o | 
2 š A before LEAB} or B before LEBA} 








A after CLKABT or B after CLKBAT 


A after LEAB or B after LEBAL | 49 | 54 | 


timin ng requirements over recommended operating free-air temperature range (unless otherwise 
noted) (test mode) (see Figure 14) 





Hold time 


ШОТТ = 7 = 
Pulse duration TCK high or low | 12 J + j m | 


А, В, СЕК, LE, or OE before TCK? | 8 | 9 | 
Setup time TDI before TCKT | 35 | [| 45 | 
ЕС ë | 3 [4 — — 


A, B, CLK, LE, or OE after TCKT occu 222 
TDL afier TOKT [315 | ов | 
TMS after TOKT NB | o —| 


ig Delay те Power upto TOKT | | 59 [€ 
Voc power up —— ва 


* On products compliant to MIL-PRF-38535, this parameter is not production tested. 
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switching characteristics over recommended operating free-air temperature range (unless 
otherwise noted) (normal mode) (see Figure 14) 


Voc = 3.8 V 
FROM TO А са av Ба 27V 
PARAMETER (INPUT) (OUTPUT) UNIT 












| | CLKABorCLKBA | 
н i—i 
| 2 9| 10| 
poe eem CLKAB or CLKBA BorA 
| шш | | 2  85| 94 
t | 25 108| 125 
БЫЗ LEAB or LEBA BorA 
| 25 86| 94) 
"5 мА 
pe ==. OEAB or ОЕВА BorA 
—— ЗИ НИЕ 


— soe] as 


switching characteristics over recommended operating free-air temperature range (unless 
otherwise noted) (test mode) (see Figure 14) 


vec 3.3V 
PARAMETER (INPUT) ‚ (OUTPUT) UNIT 


ed eae ІЗ 
— EREL 
— тек! AorB 


| ш 


саса 
[д == ЕТ = 


— == TCKL AorB 
[| Ра ____ 
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PARAMETER MEASUREMENT INFORMATION 





о 6у 
О Open 
From Output 
Under Test GND 
CL = 50 pF 
(see Note A) 


LOAD CIRCUIT 
| ч | 
| | 27ү 
Input ` 1.5 М 1.5V 
оу 
VOLTAGE WAVEFORMS 
PULSE DURATION 
Input 2.7V 
P 15V 15V 
| | оу 


tPLH + | tPHL 

| | ——— Мон 

Output | 15V | 15V 
| | VoL 

tPHL —— “-- РЕН 

| 


| Мон 
Output 15V 15V 
——— VOL 


VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 
INVERTING AND NONINVERTING OUTPUTS 


NOTES: A. Cy includes probe and jig capacitance. 
B 


ming Input й 
[a оу 


Data Input 


Output 
Control 


Output 
Waveform 1 
S1at6V 
(see Note B) 


Output 
Waveform 2 
$1 at GND 
(see Note B) 


tPLH/tPHL 


tPLZ/tPZL 
tpHz/tpZH 





27V 


| | 2.7 V 
оу 
VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 
2.7V 
| | 0v 
Ра. > m | | 
| tpLz Ві 
p is | ұр зу 
| x | мо, «03V 
| | | OLII VoL 
| ptPHz M Є 
(рән Э] 4 | 
| ү UK өзу МОН 
15V Мон -0.3 V 
~ ОМ 
VOLTAGE WAVEFORMS 


ENABLE AND DISABLE TIMES 
LOW- AND HIGH-LEVEL ENABLING 


. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 


Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 
C. Allinput pulses are supplied by generators having the following characteristics: PRR < 10 MHz, Zo = 50 О, 1, < 2.5 ns, {< 2.5 ns. 
D. The outputs are measured one at a time with one transition per measurement. 


Figure 14. Load Circuit and Voltage Waveforms 
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@ Members of the Texas Instruments е Compatible With the IEEE Standard 
SCOPE™ Family of Testability Products 1149. 1-1990 (JTAG) Test Access Port and 

€ Members of the Texas Instruments | Boundary-Scan Architecture 
Widebus™ Family е SCOPE™ Instruction Set 

е State-of-the-Art 3.3-V АВТ Design Supports - IEEE Standard 1149.1-1990 Required 
Mixed-Mode Signal Operation (5-V Input Instructions and Optional CLAMP and 
and Output Voltages With 3.3-V Усс) таай UR 

— Parallel-Signature Analysis at Inputs 

9: Support Unregulated Battery Operation - peeüdo Random Pattern ЕЕ 
Down to 2.7 V From Outputs 

€ UBT™ (Universal Bus Transceiver) - Sample Inputs/Toggle Outputs 
Flip-Flops for Operation in Transparent, — Device Identification 

© Bus Hold on Data Inputs Eliminates the @ Packaged in 64-Pin Plastic Thin Quad Flat 
Need for External Pullup Resistors (PM) Packages Using 0.5-mm 

€ В-Роп Outputs of 'LVTH182502A Devices Center-to-Center Spacings and 68-Pin 
Have Equivalent 25-Q Series Resistors, So Ceramic Quad Flat (HV) Packages Using 
No External Resistors Are Required 25-mil Center-to-Center Spacings 

description 


The ’LVTH18502A and ’LVTH182502A scan test devices with 18-bit universal bus transceivers are members 
of the Texas Instruments SCOPE™ testability integrated-circuit family. This family of devices supports IEEE 
Standard 1149.1-1990 boundary scan to facilitate testing of complex circuit-board assemblies. Scan access to 
the test circuitry is accomplished via the 4-wire test access port (TAP) interface. 


Additionally, these devices are designed specifically for low-voltage (3.3-V) Voc operation, but with the 
capability to provide a TTL interface to a 5-V system environment. 


Inthe normal mode, these devices are 18-bit universal bus transceivers that combine D-type latches and D-type 
flip-flops to allow data flow in transparent, latched, or clocked modes. They can be used either as two 9-bit 
transceivers or one 18-bit transceiver. The test circuitry can be activated by the TAP to take snapshot samples 
of the data appearing at the device pins or to perform a self test on the boundary-test cells. Activating the TAP 
in the normal mode does not affect the functional operation of the SCOPE™ universal bus transceivers. 


Data flow in each direction is controlled by output-enable (OEAB and ОЕВА), latch-enable (LEAB and LEBA), 
and clock (CLKAB and CLKBA) inputs. For A-to-B data flow, the device operates in the transparent mode when 
LEAB is high. When LEAB is low, the A-bus data is latched while CLKAB is held at a static low or high logic level. 
Otherwise, if LEAB is low, A-bus data is stored оп а low-to-high transition of CLKAB. When OEAB is low, the 
B outputs are active. When OEAB is high, the B outputs are in the high-impedance state. B-to-A data flow is 
similar to A-to-B data flow, but uses the OEBA, LEBA, and CLKBA inputs. 


In the test mode, the normal operation of the SCOPE™ universal bus transceivers is inhibited, and the test 
Circuitry is enabled to observe and control the I/O boundary of the device. When enabled, the test circuitry 
performs boundary-scan test operations according to the protocol described in IEEE Standard 1149.1-1990. 








SCOPE, Widebus, and UBT are trademarks of Texas Instruments Incorporated. 





UNLESS OTHERWISE NOTED this document contains PRODUCTION Copyright © 1996, Texas Instruments Incorporated 
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description (continued) 


Four dedicated test pins are used to observe and control the operation of the test circuitry: test data input (TDI), 
test data output (TDO), test mode select (TMS), and test clock (TCK). Additionally, the test circuitry performs 
other testing functions such as parallel-signature analysis (PSA) on data inputs and pseudo-random pattern 
generation (PRPG) from data outputs. All testing and scan operations are synchronized to the TAP interface. 


Active bus-hold circuitry is provided to hold unused or floating data inputs at a valid logic level. 
The B-port outputs of ’LVTH182502A, which are designed to source or sink up to 12 mA, include 25-Q series 
resistors to reduce overshoot and undershoot. 


The SN54LVTH18502A and SN54LVTH182502A are characterized for operation over the full military 
temperature range of -55°C to 125°C. The SN74LVTH18502A and SN74LVTH182502A are characterized for 
operation from —40*C to 85°C. 


SN54LVTH18502A, SN54LVTH182502A ... HV PACKAGE 
(TOP VIEW) 





NC - No internal connection 
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SN74LVTH18502A, SN74LVTH182502A . . . PM PACKAGE 





FUNCTION TABLET 
(normal mode, each register) 


| INPUTS OUTPUT 
OEAB LEAB CLKAB A B 





t A-to-B data flow is shown. B-to-A data flow is similar 





but uses OEBA, LEBA, and CLKBA. 
+ Output level before the indicated steady-state input 
conditions are established 
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functional block diagram 


Boundary-Scan Register 








60 
1LEAB 


59 
1CLKAB 
Усс 


6 


1ОЕАВ 


1LEBA 54 


1CLKBA Е 
Усс 


1OEBA 


УМ V VV V NV 


o 
о 


| 


2LEAB 22 


V ША 


| || 


2CLKAB 23 
Усс 


— 21 
20EAB 
28 
2LEBA 


2CLKBA -27 
Voc 


__---- 30 
20EBA 


аи 
УМ V VV ÑV 


ю 
> 
-à 


27 








Bypass Register 
Е Boundary-Control 
Register 
Identification 
Register 
Vcc 58 
TDI 24 Instruction | > тро 
тИ 
ТАР 


Controller 






= d 
о = 
А 0 
№ ја 
o о 
VV V 


Pin numbers shown are for the PM package. 
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| Terminal Functions 


TERMINAL NAME DESCRIPTION 


2. Normal-function A-bus I/O ports. See function table for normal-mode logic. 


с Normal-function B-bus I/O ports. See function table for normal-mode logic. 


1CLKAB, 1CLKBA, А ; у А 
2CLKAB, 2CLKBA Normal-function clock inputs. See function table for normal-mode logic. 


Ground 


1LEAB, 1LEBA, А À ; 
2LEAB, 2LEBA Normal-function latch enables. See function table for normal-mode logic. 


Normal-function output enables. See function table for normal-mode logic. An internal pullup at each terminal forces the 
terminal to a high level if left unconnected. 




























Testclock. One of four terminals required by IEEE Standard 1149.1-1990. Test operations of the device are synchronous 
to TCK. Data is captured on the rising edge of TCK and outputs change on the falling edge of TCK. 


Test data input. One of four terminals required by IEEE Standard 1149.1-1990. TD! is the serial input for shifting data 
through the instruction register or selected data register. An internal pullup forces TDI to a high level if left unconnected. 


Test data output. One of four terminals required by IEEE Standard 1149.1-1990. TDO is the serial output for shifting data 
through the instruction register or selected data register. 


TMS Test mode select. One of four terminals required by IEEE Standard 1149.1-1990. TMS directs the device through its TAP 
controller states. An internal pullup forces TMS to a high level if left unconnected. 


Supply voltage 

















Усс 
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test architecture 


TMS =H 


TMS = L 


Serial-test information is conveyed by means of a 4-wire test bus or TAP, that conforms to IEEE Standard 
1149.1-1990. Test instructions, test data, and test control signals all are passed along this serial-test bus. The 
TAP controller monitors two signals from the test bus, TCK and TMS. The TAP controller extracts the 
synchronization (TCK) and state control (TMS) signals from the test bus and generates the appropriate on-chip 
control signals for the test structures in the device. Figure 1 shows the TAP-controller state diagram. 


The TAP controller is fully synchronous to the TCK signal. Input data is captured on the rising edge of TCK and 
output data changes on the falling edge of TCK. This scheme ensures data to be captured is valid for fully 
one-half of the TCK cycle. 


The functional block diagram shows the IEEE Standard 1149.1-1990 4-wire test bus and boundary-scan 
architecture and the relationship among the test bus, the TAP controller, and the test registers. As shown, the 
device contains an 8-bit instruction register and four test-data registers: a 48-bit boundary-scan register, a 3-bit 
boundary-control register, a 1-bit bypass register, and a 32-bit device identification register. 


Test-Logic-Reset 















Run-Test/Idie 


Select-IR-Scan 







Select-DR-Scan 


Capture-DR - 
Pause-DR I 


Update-DR 


TMS = L 


Е Capture-IR 


Update-IR 


TMS = L 









Figure 1. TAP-Controller State Diagram 
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state diagram description 


The TAP controller is a synchronous finite state machine that provides test control signals throughout the device. 
The state diagram shown in Figure 1 is in accordance with IEEE Standard 1149.1-1990. The TAP controller 
proceeds through its states based on the level of TMS at the rising edge of TCK. 


As shown, the TAP controller consists of 16 states. There are six stable states (indicated by a looping arrow in 
the state diagram) andten unstable states. A stable state is a state the TAP controller can retain for consecutive 
TCK cycles. Any state that does not meet this criterion is an unstable state. 


There are two main paths through the state diagram: one to access and control the selected data register and 
one to access and control the instruction register. Only one register can be accessed at a time. 


Test-Logic-Reset 


The device powers up in the Test-Logic-Reset state. In the stable Test-Logic-Reset state, the test logic is reset 
and is disabled so that the normal logic function of the device is performed. The instruction register is reset to 
an opcode that selects the optional IDCODE instruction, if supported, or the BYPASS instruction. Certain data 
registers can also be reset to their power-up values. 


The state machine is constructed such that the TAP controller returns to the Test-Logic-Reset state in no more 
than five TCK cycles if TMS is left high. The TMS pin has an internal pullup resistor that forces it high if left 
unconnected or if a board defect causes it to be open circuited. 


For the 'LVTH18502A and 'LVTH182502A, the instruction register is reset to the binary value 10000001, which 
selects the IDCODE instruction. Bits 47-44 in the boundary-scan register are reset to logic 1, ensuring that 
these cells, which control A-port and B-port outputs, are set to benign values (i.e., if test mode were invoked 
the outputs would be at the high-impedance state). Reset-value of other bits in the boundary-scan register 
should be considered indeterminate. The boundary-control register is reset to the binary value 010, which 
selects the PSA test operation. 


Run-Test/ldle 


The TAP controller must pass through the Run-Test/Idle state (from Test-Logic-Reset) before executing any test 
operations. The Run-Test/Idle state also can be entered following data-register or instruction-register scans. 
Run-Test/ldle is a stable state in which the test logic can be actively running a test or can be idle. The test 
operations selected by the boundary-control register are performed while the TAP controller is in the 
Run-Test/ldle state. 


Select-DR-Scan, Select-IR-Scan 


No specific function is performed in the Select-DR-Scan and Select-IR-Scan states, and the TAP controller exits 
either of these states on the next TCK cycle. These states allow the selection of either data-register scan or 
instruction-register scan. 


Capture-DR 


When a data-register scan is selected, the TAP controller must pass through the Capture-DR state. In the 
Capture-DR state, the selected data register can capture a data value as specified by the current instruction. 
Such capture operations occur on the rising edge of TCK, upon which the TAP controller exits the 
Capture-DR state. 
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Shift-DR 


Upon entry to the Shift-DR state, the data register is placed in the scan path between TDI and тро, and on the 
first falling edge of TCK, TDO goes from the high-impedance state to an active state. TDO enables to the logic 
level present in the least-significant bit of the selected data register. 


While in the stable Shift-DR state, data is serially shifted through the selected data register on each TCK cycle. 
The first shift occurs on the first rising edge of TCK after entry to the Shift-DR state (i.e., no shifting occurs during 
the TCK cycle in which the TAP controller changes from Capture-DR to Shift-DR or from Exit2-DR to Shift-DR). 
The last shift occurs on the rising edge of TCK, upon which the TAP controller exits the Shift-DR state. 


Exit1-DR, Exit2-DR 


The Exit1-DR and Exit2-DR states are temporary states that end а data-register scan. It is possible to return 
to the Shift-DR state from either Exit1-DR or Exit2-DR without recapturing the data register. On the first falling 
edge of TCK after entry to Exit1-DR, TDO goes from the active state to the high-impedance state. 


Pause-DR 


No specific function is performed in the stable Pause-DR state, in which the TAP controller can remain 
indefinitely. The Pause-DR state suspends and resumes data-register scan operations without loss of data. 


Update-DR 


If the current instruction calls for the selected data register to be updated with current data, such update occurs 
on the falling edge of TCK, following entry to the Update-DR state. 


Capture-IR 


When an instruction-register scan is selected, the TAP controller must pass through the Capture-IR state. In 
the Capture-IR state, the instruction register captures its current status value. This capture operation occurs 
on the rising edge of TCK, upon which the TAP controller exits the Capture-IR state. For the 1УТН18502Ү апа 
’LVTH182502A, the status value loaded in the Capture-IR state is the fixed binary value 10000001. 


Shift-IR 


Upon entry to the Shift-IR state, the instruction register is placed in the scan path between TDI and TDO. On 
the first falling edge of TCK, TDO goes from the high-impedance state to the active state. TDO enables to the 
logic level present in the least-significant bit of the instruction register. 


While in the stable Shift-IR state, instruction data is serially shifted through the instruction register on each TCK 
cycle. The first shift occurs on the first rising edge of TCK after entry to the Shift-IR state (i.e., no shifting occurs 
during the TCK cycle in which the TAP controller changes from Capture-IR to Shift-IR or from Exit2-IR to 
Shift-IR). The last shift occurs on the rising edge of TCK, upon which the TAP controller exits the Shift-IR state. 


Exit1-IR, Exit2-IR 


The Ехі1-ІН and Exit2-IR states are temporary states that end an instruction-register scan. It is possible to 
return to the Shift-IR state from either Exit1-IR or Exit2-IR without recapturing the instruction register. On the 
first falling edge of TCK after entry to Exit1-IR, TDO goes from the active state to the high-impedance state. 


Pause-IR 


No specific function is performed in the stable Pause-IR state, in which the TAP controller can remain 
indefinitely. The Pause-IR state suspends and resumes instruction-register scan operations without loss 
of data. 


Update-IR 


The current instruction is updated and takes effect on the falling edge of TCK, following entry to the 
Update-IR state. 
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register overview 


With the exception of the bypass and device-identification registers, any test register can be thought of as a 
serial shift register with a shadow latch on each bit. The bypass and device-identification registers differ in that 
they contain only a shift register. During the appropriate capture state (Capture-IR for instruction register, 
Capture-DR for data registers), the shift register can be parallel loaded from a source specified by the current 
instruction. During the appropriate shift state (Shift-IR or Shift-DR), the contents of the shift register are shifted 
out from TDO while new contents are shifted in at TDI. During the appropriate update state (Update-IR or 
Update-DR), the shadow latches are updated from the shift register. 


instruction register description 


The instruction register (IR) is eight bits long and tells the device what instruction is to be executed. Information 
contained in the instruction includes the mode of operation (either normal mode, in which the device performs 
its normal logic function, or test mode, in which the normal logic function is inhibited or altered), the test operation 
to be performed, which of the four data registers is to be selected for inclusion in the scan path during 
data-register scans, and the source of data to be captured into the selected data register during Capture-DR. 


Table 3 lists the instructions supported by the 'LVTH18502A and ’LVTH182502A. The even-parity feature 
specified for SCOPE™ devices is supported in this device. Bit 7 of the instruction opcode is the parity bit. Any 
instructions that are defined for SCOPE™ devices but are not supported by this device default to BYPASS. 


During Capture-IR, the IR captures the binary value 10000001. As an instruction is shifted in, this value is shifted 
out via TDO and can be inspected as verification that the IR is in the scan path. During Update-IR, the value 
that has been shifted into the IR is loaded into shadow latches. At this time, the current instruction is updated 
and any specified mode change takes effect. At power up or in the Test-Logic-Reset state, the IR is reset to the 
binary value 10000001, which selects the IDCODE instruction. The IR order of scan is shown in Figure 2. 


BIt 7 
Parity Bit 6 5 
(MSB) | (LSB) 


Figure 2. Instruction Register Order of Scan 
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data register description 


boundary-scan register 


The boundary-scan register (BSR) is 48 bits long. It contains one boundary-scan cell (BSC) for each 
normal-function input pin and one BSC for each normal-function /О pin (one single cell for both input data and 
output data). The BSR is used 1) to store test data that is to be applied externally to the device output pins, 
and/or 2) to capture data that appears internally at the outputs of the normal on-chip logic and/or externally at 
the device input pins. | | 

The source of data to be captured into the BSR during Capture-DR is determined by the current instruction. The 
contents of the BSR can change during Run-Test/ldle as determined by the current instruction. At power up or 
in Test-Logic-Reset, BSCs 47-44 are reset to logic 1, ensuring that these cells, which control A-port and B-port 
outputs are set to benign values (i.e., if test mode were invoked, the outputs would be at the high-impedance 
state). Reset values of other BSCs should be considered indeterminate. 


The BSR order of scan is from TDI through bits 47-0 to ТОО. Table 1 shows the BSR bits and their associated 
device pin signals. 


Table 1. Boundary-Scan Register Configuration 


NUMBER SIGNAL NUMBER SIGNAL NUMBER SIGNAL 

лт [zoe | % | meo | 7 | 28010 | 
С | тов | м | zo | № | 29940 | 
74-1 жа [з | ао [в | 28710 | 
Са | това | 32 [эю | м [| 286.10 | 
__«а | сок | м | 2ю | в | 285110 | 
Ге [ ке | м | 2мю | № | ао” 
м [зак | эз | zuo | м | 28010 — 
ж | зова | 2 [мю | ю | 282-10 | 
[ 3 | aee | z | wo | 9 | эво | 
[—3 | ue [ ж | wex 8 | вю | 
Lar | "aem | 2 | evo |" 71-0 | 


























зе | uem [м | мю | s | тю — 
Е — Га ouo | s | вю | 
Е — Ге | авио T + [| вю | 
| а] мо | s _| звало 
-= | | зао | мю | z | вю | 
= [= | Oe [ uo | + | deo 
Пе | мно | о вю | 
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boundary-control register 


The boundary-control register (BCR) is three bits long. The BCR is used in the context of the boundary-run test 
(RUNT) instruction to implement additional test operations not included in the basic SCOPE" instruction set. 
Such operations include PRPG, PSA, and binary count up (COUNT). Table 4 shows the test operations that 
are decoded by the BCR. 


During Capture-DR, the contents of the BCR are not changed. At power up or in Test-Logic-Reset, the BCR is 
reset to the binary value 010, which selects the PSA test operation. The BCR order of scan is shown in Figure 3. 


TDI TDO 





Figure 3. Воипдагу-Соп го! Register Order of Scan 


bypass register 


The bypass register is a 1-bit scan path that can be selected to shorten the length of the system scan path, 
reducing the number of bits per test pattern that must be applied to complete a test operation. During 
Capture-DR, the bypass register captures a logic 0. The bypass register order of scan is shown in Figure 4. 


Figure 4. Bypass Register Order of Scan 
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device-identification register 


The device-identification register (IDR) is 32 bits long. It can be selected and read to identify the manufacturer, 
part number, and version of this device. 


For the 'LVTH185024A, the binary value 00110000000000011100000000101111 (3001 СОЕ, hex) is captured 
(during Capture-DR state) in the IDR to identify this device as Texas Instruments SN54/74LVTH18502A. 


For the ’LVTH182502A, the binary value 001100000000001 000010000001 01111 (3002102F, hex) is captured 
(during Capture-DR state) in the device-identification register to identify this device as Texas Instruments 
SN54/74LVTH182502A. 


The IDR order of scan is from TD! through bits 31-0 to TDO. Table 2 shows the IDR bits and their significance. 


Table 2. Device-Identification Register Configuration 


NUMBER SIGNIFICANCE NUMBER SIGNIFICANCE NUMBER SIGNIFICANCE 
[= | versions — | = | РАНТМОМВЕМЕ | и | MANUFACTURERIOT | 
По | уеязом — | % | _PARTNUMBERI4 | 10 | MANUFACTUREROOT | 
э | venson | № | PARTNUMBER | o | мАМОРАСТОЕНО | 
pueris a 

= — | s [роман | 7 | MANUFAGTUREROST | 
Е инв | Sm s 
Е = [а влатмумвеноо | 5 | МАМОРАСТОВЕНОАТ | 
Е s S Panumo | 4 | MANUFACTUREROST_ 
= [| рый | 3 | MANUFACTURERD2E | 
Г [i | _равтомвенов [ 2 | MANUFACTUREROTT_ 
= [Г = [я | anume | £ | MANUFACTUREROOT_ 
= [ев [Гм [о | өс” 
Е ee ee | с ү ван 
| ме уе р — — — 
Е Е ПОС ОСЕТИИ 
| о | mmm | — | — Jj 


T Note that for TI products, bits 11-0 of the device-identification register always contain the binary value 000000101111 
(02F, hex). 
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instruction-register opcode description 


The instruction-register opcodes are shown in Table 3. The following descriptions detail the operation of 
each instruction. 


Table 3. Instruction-Register Opcodes ` 


BINARY CODET 
BIT 7—> вто SCOPE OPCODE DESCRIPTION 
MSB > LSB 
00000000 EXTEST 
10000001 IDCODE Identification read Device identification 


10000010 SAMPLE/PRELOAD Sample boundary | — Boundaryscan | Мота | 
00000011 Bypass __| — — бен — — | Bypass | Normal | 









|___соотоо | READEN | Болуға — | Boundary soan | Кота | 
[ oon | Оше” | Boundary sates | Boundary scan | Normal | 
опто | scanon | __Bounday-cotrol register scan — | Boundary control | Normal | 
мою [вз | бе | эмо | Кота | 


T Bit 7 is used to maintain even parity in the 8-bit instruction. | 
t The BYPASS instruction is executed in lieu of a SCOPE™ instruction that is not supported in the 'LVTH185024A or 'LVTH182502A. 
















boundary scan 


This instruction conforms to the IEEE Standard 1149.1-1990 EXTEST instruction. The BSR is selected in the 
scan path. Data appearing at the device input and I/O pins is captured in the associated BSCs. Data that has 
been scanned into the I/O BSCs for pins in the output mode is applied to the device I/O pins. Data present at 
the device pins, except for output enables, is passed through the BSCs to the normal on-chip logic. For !/O pins, 
the operation of a pin as input or output is determined by the contents of the output-enable BSCs (bits 47-44 
of the BSR). When a given output enable is active (logic 0), the associated 1/O pins operate in the output mode. 
Otherwise, the ИО pins operate in the input mode. The device operates in the test mode. 


identification read 


This instruction conforms to the IEEE Standard 1149.1-1990 IDCODE instruction. The IDR is selected in the 
scan path. The device operates in the normal mode. 


sample boundary 


This instruction conforms to the IEEE Standard 1149.1-1990 SAMPLE/PRELOAD instruction. The BSR is 
selected in the scan path. Data appearing at the device input pins and I/O pins in the input mode is captured 
in the associated BSCs, while data appearing at the outputs of the normal on-chip logic is captured in the BSCs 
associated with I/O pins in the output mode. The device operates in the normal mode. 
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bypass scan 


This instruction conforms to the IEEE Standard 1149.1-1990 BYPASS instruction. The bypass register is 
selected in the scan path. A logic 0 value is captured in the bypass register during Capture-DR. The device 
operates in the normal mode. 


control boundary to high impedance 


This instruction conforms to the IEEE Standard 1149.1a-1993 HIGHZ instruction. The bypass register is 
selected in the scan path. A logic 0 value is captured in the bypass register during Capture-DR. The device 
operates in a modified test mode in which all device І/О pins are placed in the high-impedance state, the device 
input pins remain operational, and the normal on-chip logic function is performed. 


control boundary to 1/0 


This instruction conforms to the IEEE Standard 1149.1a-1993 CLAMP instruction. The bypass register is 
selected in the scan path. A logic 0 value is captured in the bypass register during Capture-DR. Data in the /О 
BSOs for pins in the output mode is applied to the device ИО pins. The device operates in the test mode. 


boundary-run test 


The bypass register is selected in the scan path. A logic 0 value is captured in the bypass register during 
Capture-DR. The device operates in the test mode. The test operation specified in the BCR is executed during 
Run-Test/ldle. The five test operations decoded by the BCR are: sample inputs/toggle outputs (TOPSIP), 
PRPG, PSA, simultaneous PSA and PRPG (PSA/PRPG), and simultaneous PSA and binary count up 
(PSA/COUNT). 


boundary read 
The BSR is selected in the scan path. The value in the BSR remains unchanged during Capture-DR. This 
instruction is useful for inspecting data after a PSA operation. 

boundary self test 


The BSR is selected in the scan path. All BSCs capture the inverse of their current values during Capture-DR. 
In this way, the contents of the shadow latches can be read out to verify the integrity of both shift-register and 
shadow-latch elements of the BSR. The device operates in the normal mode. 


boundary toggle outputs 


The bypass register is selected in the scan path. A logic 0 value is captured in the bypass register during 
Capture-DR. Data in the shift-register elements of the selected output-mode BSCs is toggled on each rising 
edge of TCK in Run-Test/Idle and is then updated in the shadow latches and applied to the associated device 
МО pins on each falling edge of TCK in Run-Test/Idle. Data in the input-mode BSCs remains constant. Data 
appearing at the device input or I/O pins is not captured in the input-mode BSCs. The device operates in the 
test mode. 


boundary-control-register scan 


The BCR is selected in the scan path. The value in the BCR remains unchanged during Capture-DR. This 
operation must be performed before a boundary-run test operation to specify which test operation is to 
be executed. 
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boundary-control-register opcode description 


The BCR opcodes are decoded from BCR bits 2-0, as shown in Table 4. The selected test operation is 
performed while the RUNT instruction is executed in the Run-Test/Idle state. The following descriptions detail 
the operation of each BCR instruction and illustrate the associated PSA and PRPG algorithms. 


Table 4. Boundary-Control Register Opcodes 


BINARY CODE 
BIT 2 > ВІТ О DESCRIPTION 
MSB > LSB 


Sample inputs/toggle outputs (TOPSIP) 


Parallel-signature analysis/36-bit mode (PSA) 





While the control input BSCs (bits 47-36) are not included in the toggle, PSA, PRPG, or COUNT algorithms, 
the output-enable BSCs (bits 47—44 of the BSR) control the drive state (active or high impedance) of the selected 
device output pins. These BCR instructions are only valid when both bytes of the device are operating in one 
direction of data flow (i.e., 1OEAB = 1OEBA and 2OEAB ғ 2ОЕВА) and inthe same direction of data flow (i.e., 
1OEAB = 2ОЕАВ and 1ОЕВА = 20ЕВА). Otherwise, the bypass instruction is operated. 


sample Inputs/toggle outputs (TOPSIP) 


Data appearing at the selected device input-mode 1/O pins is captured in the shift-register elements of the 
associated BSCs on each rising edge of TCK. Data in the shift-register elements of the selected output-mode 
BSCs is toggled on each rising edge of TCK, updated in the shadow latches, and applied to the associated 
device /О pins on each falling edge of ТСК. 
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pseudo-random pattern generation (PRPG) 


A pseudo-random pattern is generated in the shift-register elements of the selected BSCs on each rising edge 
of TCK, updated in the shadow latches, and applied to the associated device output-mode I/O pins on each 
falling edge of TCK. Figures 5 and 6 show the 36-bit linear-feedback shift-register algorithms through which the 
patterns are generated. An initial seed value should be scanned into the BSR before performing this operation. 
A seed value of all zeroes does not produce additional patterns. 


2А9-/0 2А8-/О 2А7-/0 2А6-/0 2А5-/О 2A4-1/0 2А3-/0 2А2-/0 2А1-/0 















1А9-/0 1А8-/О 


1A7-10 1А6-/О 1А5-/0 1А4/0 1А3-/0 1А2-/0 1ҮА1-/О 


Ез Ва а Вр пъ E d 


2B9-/O  2B8-/O  2B7-/O  2B6-/O  2B5-/O 28400  2B3-/O  2B2-/O 281-/0 


Ф- J > 1B9-/O  1B8&-/O  1B7-/O  1B6-/O  1B5-/O 1В4-/0 183-/0  1B2-/O  1B1-l/O 
Figure 5. 36-Bit PRPG Configuration (1OEAB = 20EAB = 0, 10EBA = 20EBA = 1) 
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2B9-/O  2B8-/O  2B7-/O  2B6-/O  2B5-/O 284М0 283-/0  2B2-/O 281-/0 








1B9-/O  1B8-/O  1B7-/O 186-/0  1B5-/O  1B4-/O  1B3-/O  1B2-/O 1В1-/О 


pL GE 


2A9-/O 2А8-/О |. 2A7T-/O 2А6-/0  2A5-/O 2А4-/0  2A3-/O  2A2-/O > 2А1-/О 


@ - 1A9-/O  1A8-/O 1А7-/О 1А6-/0  1A5-/O 1А4-/0  1A3- m 1A2-/O 1А1-ІО 
Figure 6. 36-Bit PRPG Configuration (1OEAB = 20EAB = 1, 1СЕВА = 20EBA = 0) 
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parallel-signature analysis (PSA) 


Data appearing at the selected device input-mode I/O pins is compressed into a 36-bit parallel signature in the 
shift-register elements of the selected BSCs on each rising edge of TCK. Data in the shadow latches of the 
selected output-mode BSCs remains constant and is applied to the associated device I/O pins. Figures 7 and 8 
show the 36-bit linear-feedback shift-register algorithms through which the signature is generated. An initial 
seed value should be scanned into the BSR before performing this operation. 


2А9-/0 2А8-/0 2А7-/О 2А6-/0 2А5-/0 2А4-/0 2АЗ-/О  2A2-/O 2А1-/О 












1A9-/O  1A8-/O 1А7-/0 1А6-/0  1A5-/O  1A4-/O 1А3-/0  1A2J/O  1A1-l/O 


HEHEHE HELE 
еее 





= J > 1B9-/O  1B8-/O 187-/0 186-/0 1B5-/O 1B4l/O 183/0  1B2J/O 1В14/0 


Figure 7. 36-Bit PSA Configuration (1OEAB = 2ОЕАВ = 0, 1ОЕВА = 20EBA = 1) 
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2B9-/O  2B8-/O  2B7-/O  2B6-/O  2B5-/O  2B4-/O  2B3-/O  2B2-/O 281-/0 





1А9-/О 1А8-/0  1A7T-/O 1ҮА6-/0  1A5-/O 1A41/0  1A3-/O  1A2-/O 1А1-/0 








Figure 8. 36-Bit PSA Configuration (1OEAB = 2ОЕАВ = 1, 10EBA = 2ОЕВА = 0) 
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simultaneous PSA and PRPG (PSA/PRPG) 


Data appearing at the selected device input-mode I/O pins is compressed into an 18-bit parallel signature in 
the shift-register elements of the selected input-mode BSCs on each rising edge of TCK. At the same time, an 
18-bit pseudo-random pattern is generated in the shift-register elements of the selected output-mode BSCs on 
each rising edge of TCK, updated in the shadow latches, and applied to the associated device I/O pins on each 
falling edge of TCK. Figures 9 and 10 show the 18-bit linear-feedback shift-register algorithms through which 
the signature and patterns are generated. An initial seed value should be scanned into the BSR before 
performing this operation. A seed value of all zeroes does not produce additional patterns. 


2A9-/O 2А8-/0 2А7-/0 2А6-/0 2А5-/О 2A4-/O  2A3-/O 2А2-/0 2A1-I/0 


1A9-/O  1A8-/O 1А7-/0 1А6-/0  1A5-/O  1A4-/O  1A3-/O 1А2-/0 1А1-/О 





© T ] > 1B9-/O  1B8-/O 1В7-/0  1B6-/O  1B5-/O 184/0  1B3-/O  1B2-/O 1В1-/О 








Figure 9. 18-Bit PSA/PRPG Configuration (ТОЕАВ = 2OEAB = 0, 1ОЕВА = 20EBA = 1) 
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2B9-/0  2B8-/O 2870  2B6-/O 285-10 2840 283-10  2B2-/O 281-/0 





1A9-/O  1A8-/O  1A7-/O  1A6-/O  1A5-/O  1A4-l//O 1АЗ-/О 1A2-0  1A1-I/O 


Figure 10. 18-Bit PSA/PRPG Configuration (1OEAB = 20ЕАВ = 1, ТОЕВА = 20EBA = 0) 
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simultaneous PSA and binary count up (PSA/COUNT) 


Data appearing at the selected device input-mode I/O pins is compressed into an 18-bit parallel signature in 
the shift-register elements of the selected input-mode BSCs on each rising edge of TCK. At the same time, an 
18-bit binary count-up pattern is generated in the shift-register elements of the selected output-mode BSCs on 
each rising edge of TCK, updated in the shadow latches, and applied to the associated device I/O pins on each 
falling edge of TCK. Figures 11 and 12 show the 18-bit linear-feedback shift-register algorithms through which 
the signature is generated. An initial seed value should be scanned into the BSR before performing 
this operation. 


2А9-/0 2А8-/0 2А7-ИО 2А6-И/О 2A5-/O 2А4-/0  2A3-/O  2A2-/O 2А1-/О 


1A9-/O 1А8-/0 1А7-/0 1А6-/0  1A5-/O 1ҮА4-/0  1A3-/O  1A2-/O 1А1-/0 





jugguggu 


289-10 288-/0  2B7-/O  2B6-/O  2B5-/O  2B4-/O  2B3-/O 282-/0 2В1-/О 


по сопобповоб 


1B9-/O  1B8-/O  1B7-/O 186-/0  1B5-/O  1B4-/O 183-/0  1B2-/O  1B1-l/O 


Figure 11. 18-Bit PSA/COUNT Configuration (1OEAB = 2ОЕАВ = 0, ТОЕВА = 20ЕВА = 1) 
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2B9-/O  2B8-/O 287-/0  2B6-/O  2B5-/O 2840  2B3-/O  2B2-/O 281-/0 





2A9-/O 2А8-/0 2А7-/О  2A6-/O  2A5-/O 2А4/0 2АЗ-/О  2A2-/O 2А1-/О 


00007 


1A9-/O  1A8-/O  1A7-/O  1A6-l/O 1А5-/0 1A4-1/0 1A3-/O  1A2-/O 1Ү1-/О 





Figure 12. 18-Bit PSA/COUNT Configuration (1ОЕАВ = 2ОЕАВ = 1, ТОЕВА = 2OEBA = 0) 
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timing description 


All test operations of the 'LVTH18502A and'LVTH182502A are synchronous to the ТСК signal. Data onthe TDI, 
TMS, and normal-function inputs is captured on the rising edge of TCK. Data appears on the TDO and 
normal-function output pins on the falling edge of TCK. The TAP controller is advanced through its states (as 
shown in Figure 1) by changing the value of TMS on the falling edge of TCK and then applying a rising edge 
to TCK. 


A simple timing example is shown in Figure 13. In this example, the TAP controller begins in the 
Test-Logic-Reset state and is advanced through its states, as necessary, to perform one instruction-register 
scan and one data-register scan. While in the Shift-IR and Shift-DR states, TDI is used to input serial data, and 
TDO is used to output serial data. The TAP controller is then returned to the Test-Logic-Reset state. Table 5 
details the operation of the test circuitry during each TCK cycle. 


Table 5. Explanation of Timing Example 

















































тск ТАР ЗТАТЕ 
CYCLE(S) | AFTER ТСК DESCRIPTION 
TMS is changed to a logic 0 value on the falling edge of TCK to begin advancing the TAP controller toward 
—— Run-Test/ldle 
[ 3 | Selec-DR-Scan ee 
[ 4 звание | _______________________-____________ 
Capture-IR The IR captures the 8-bit binary value 10000001 on the rising edge of TCK as the TAP controller exits the 
P Capture-IR state. 
Shift-IR TDO becomes active and TDI is made valid on the falling edge of TCK. The first bit is shifted into the TAP 
on the rising edge of TCK as the TAP controller advances to the next state. 
One bitis shifted into the IR on each TCK rising edge. With TDI held ata logic 1 value, the 8-bit binary value 
Shift-IR 11111111 is serially scannedintothe IR. Atthe same time, the 8-bit binary value 10000001 is serially scanned 
out of the IR ма TDO. In TCK cycle 13, TMS is changed to a logic 1 value to end the IR scan on the next 
TCK cycle. The last bit of the instruction is shifted as the TAP controller advances from Shift-IR to Exit1-IR. 
| БЕСІН ТОО becomes inactive (goes to the high-impedance state) on the falling edge of TCK. 
| 15 |  Update-IR | The IR is updated with the new instruction (BYPASS) on the falling edge of ТСК. 
— Beer seth a te ee el 
The bypass register captures a logic 0 value.on the rising edge of TCK as the TAP controller exits the 
Capture-DR 
Capture-DR state. 
Shift-DR TDO becomes active and TDI is made valid on the falling edge of TCK. The first bit is shifted into the TAP 
on the rising edge of TCK as the TAP controller advances to the next state. 


ee = The selected data register is updated with the new data on the falling edge of TCK. 
Оз ена 
Оз бен | 77 
[ 25  [TestogeReser|Testopmaloncompetei о] 
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 





о | с | с | а с сісісіс с ск | Е | Е | < 

8 | в 818 3 = 3128 |9 б 1191815 д 

o О Ü E = x 9 0 ~ = = ~ О О r 

TAP 1618 |Е mz o ші с | з 5 ЗЕ Е |о 
Controller 2 | 2 | 2 |< | 5 | ае | & а |а| 
о er В Е 15 16 4 | 6 51519 

State |2|2|9|S$ е19 12 | 

8738 3 38 5 

е е 


[ 3-State (ТОО) or Don’t Care (ТО!) 
Figure 13. Timing Example 


absolute maximum ratings over operating free-air temperature range (unless otherwise поїеа)ї 


SUPPIY VONAGE Fal: УСС. бај лира а sce xe EA аа қылғаны uni dui Dach er gece —0.5 V to 4.6 V 
Input voltage range, VI (see Note 1) .................................................. —0.5 V to 7 V 
Voltage range applied to any output in the high state or power-off state, Vo (see Note 1) .... —0.5 V to 7 V 
Current into any output in the low state, lo: ӨМ541УТН18502А ................................ 96 mA 
SN54LVTH182502A (A port or ТОО) ................. 96 mA 

5М541УТН182502А (B port) ........................ 30 mA 

SN74LVTH18502A ............................... 128 mA 

SN74LVTH182502A (A portor TDO) ................ 128 mA 

SN74LVTH182502A (B port) ........................ 30 mA 

Current into any output in the high state, lo (see Note 2): SNS54LVTH18502A .................... 48 mA 
SN54LVTH182502A (A port or TDO) .... 48mA 

SN54LVTH182502A (B port) ........... 30 mA 

SN74LVTH18502A .................... 64 mA 

SN74LVTH182502A (A port or ТОО) .... 64 mA 

SN74LVTH182502A (B port) ........... 30 mA 

Input clamp current, fic (Vp D) 552 ааа ER Era Y RAN E Re ESI IESU ние —50 mA 
Output clamp current, Лок (Vo <0) а ER Er ERE E | -50 mA 
Maximum power dissipation at TA = 55°C (іп still air) (see Note 3): PM package .................... 1W 
Storage temperature range, Таја ........ Exin etas a eu УУ ТОЛТУ o Muell diua fcu edd —65?C to 150°C 


1 Stresses beyondthose listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1. The input and output negative-voltage ratings can be exceeded if the input and output clamp-current ratings are observed. 

2. This current only flows when the output is in the high state and Мо > Vcc. 

3. The maximum package power dissipation is calculated using a junction temperature of 150*C and a board trace length of 75 mils. 
For more information, refer to the Package Thermal Considerations application note inthe ABT Advanced BiCMOS Technology Data 
Book, literature number SCBD002. 
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recommended operating conditions 


C Supply votage 27 35 
2 
L 





Vo 7 3.6 

-32 
[01 Low-level output current 
At/Av | Input transition rise or fall rate 


+ Current duty cycle < 50%, f > 1 kHz 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 


PARAMETER TEST CONDITIONS као 187958 ene UNIT 
MIN ТҮРІ МАХ MIN ТҮРІ МАХ 


Ук [опи за E T | У | 
Море ма wea | ж | 24 — 

Voo=3V Пон аа [у 

Пон аа — [ — T z — — —] 


Пы-0А ___ 0) 02 
Vec =2.7V оре 

um на ЦРВЕНА (эшеке. 

у 101 16 ПА E occ OA чы 

Sb ОГ = 32 mA a O| | оз) 

loL = 48 тА 55% | 

ог 64 тА = 

























CLK, Voc = 3.6 V, = Усс or GND s= xul 

LE ток [VocsoorMAXA, — Vie 85V ме Hm 

222 те 5.5 V a ENT ИЕ: 

OE TDI [vcc=36v М = zoo к= == 

TMS НА 

= -100 

м -55V e 20 pe 

iid - Мясо 
portsŠ Voc = 3.6 V T “oc 1 1 

4-і 

| он CV =, MorVos0to45V | — — — — [| — #100 ма | 

at ACB езу Vj=08V 75 500 75 150 500 
(hold) | ports ес VI=2 V -75 -500 -75 -150 -500 


Под [no _[vesssv СООО ООС О РЗ 
Под. [mo вов 
Усс-1вуюо  Мо-овУогзу 
ise 0-6 барови — | — i [в | m 
-Мосогано [бызбы | os 2| 05 2. 


lant Voc = 3 V to 3.6 V, One input at Усс ~ 0.6 V, 
АСС Other inputs at Vcc or GND 
сл ——n 


Гоа” |у-3У- ee ЕН БЕН tne 


T All typical values are at Voc = 3.3 V, Ta = 25°C. 

+ For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
S Unused pins at Усс or GND 

1 The parameter ll(hold) includes the off-state output leakage current. 

#This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND. 
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timing requirements over recommended operating free-air temperature range (unless otherwise 
noted) (normal mode) (see Figure 14) 














SN54LVTH18502A SN74LVTH18502A 


Veo = 3.3V Voc = 3.3V 


felock Clock frequency | CLKAB or CLKBA O 80 ERE NR 
CLKAB or CLKBA high or low | 86 | 44 |56 | 
Pulse duration Уз 
LEAB or LEBA Figh таран 
A before ae | or А 
В before Beer MN ES 


Setup time 
5 Abefore LEABL ог | CLK high ——— аса а 
В before LEBAL CLK low 


A after CLKABT or 2 
А Е 1.4 
th Hold time B after CLKBAT 


A afer LEABL or B afer LEBAT чи Ги Нат 


timing requirements over recommended operating free-air temperature range (unless otherwise 
noted) (test mode) (see Figure 14) 


SN54LVTH18502A SN74LVTH18502A 
Voc = 3.3 V мес. 3.3 V 


folock _ Clock frequency 
tw Pulse duration TCK high or low 


A, B, CLK, LE, or OE 
ot NITE BURNS SU CERE 














Ti betore TCKT 5 ЗА БА ГВА КЕ НЕВА 
TMS before ТСКТ 


A, B, CLK, LE, or OE 
after TCKT 
th Hold time 


ан 
Fwsawero | о [1 | 45 | 1 _ 

Па Deine | Power uptooxt | so | m | so | o [м | 

к Fisetine Дуоовоиер {4} 1 | r T r |_| 
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switching characteristics over recommended operating. free-air temperature range (unless 


otherwise noted) (normal mode) (see Figure 14) 


SN54LVTH18502A SN74LVTH18502A 


FROM Voc = 3.3 V Усс = 3.3 V 
PARAMETER (INPUT) Garin Voc 227 V Үсс-27У | UNIT 
ММ МАХ | MIN МАХ Мы MAX MIN МАХ 


GLKAB or GLKBA | | [ s f wo | s [м 
i |_____58| з 49| o 55 
Š 
tPHL S : 



















E лр =. 
is eat 15 af — —55| 
PLU CLKAB or CLKBA BorA Р 


еи 15 да 15 ra) 8 
LEAB or LEBA BorA 

ШЕТТЕН | 1.5 о S 

5 £ 15 — 74 
Е A OEAB or OEBA BorA 

a | 54 75| 65] ts m| 83 

i 25 ss| — 88] 25 78| 84 
SERB ог ЕВА ae 

ах __ | 2s ss| ва 25 78| 84 


switching characteristics over recommended operating free-air temperature range (unless 
otherwise noted) (test mode) (see Figure 14) 


SNS4LVTH18502A SN74LVTH18502A 
FROM TO Voc = 3.3 V Усс = 3.3 V 
PARAMETER (INPUT) (OUTPUT) Voc 22.7 V Vcc =2.7V | UNIT 
Lm wx MIN МАХ| мн MAX| мін мах 


— pow. um. om LAM. cs 


(к TAE ТСК AorB | 

| PHL | oe 
> 

рн O ao 


eae 5 4 | 20| 
ae TCKL AorB Ls 
— E: 
t > авав 
ен TCKL 
a E >= 
= теку AorB 
| + dj 1] 4 -___- 185: 


=. С ____ој 48 [55 
(ee) aes) ws s 
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recommended operating conditions 


SN54LVTH182502A | SN74LVTH182502A UNIT 
Voc Supply voltage 2.7 3.6 
VIH High-level input voltage 


VI при voltage 


A port, ТОО AS 
| High-level output current | Аро, TOO — ма 
ee Бри — _ 
Ano — | S np -% 
IOL Low-level output current ° 


011 Low-level output current A port, TDO 4, 48 
АМАу “при transition rise or fall rate Outputs enabled x ш 10] пәу | 
ТА Operating free-air temperature | -55 125 | -40 85 


T Current duty cycle < 50%, f 2 1 kHz 
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electrical characteristics over recommended operating free-air temperature range (unless 


otherwise noted) 
TEST GONBIFIONS SN54LVTH182502A SN74LVTH182502A UNE 
MIN TYPT MAX MIN TYPT MAX 


PARAMETER 
Пик veg = 27 шал о 0 22] У | 
А, В, ТОО | Vcc = MIN to MAX, = = -100 pA Усс-0.2 Усс-0.2 


Voc = 2.7 V, (ОН = —3 тА 























V у 
он |тоо’  |vcc=3 [Он = -24 mA 
он= ата | — — НИ 
Моста — louem | 2 — | z 





a. fons 32mA | 
ГЕ ШТ P — 
OL = 64 mA Біле асс 


26,100 [Voo=27, lo ТУ ООО ОО ОИС 
[Усс =27\,__ — loL-24mA | oL 24 ПА СС = ___ loL-24mA | os o os 
OL = 16 mA ho cni coi i ТП 
V 
|Bpot — | Voc =3V, oL= amA 0.8 


ET = Vo or GND = 
LE Tok КРЕСТ ЕСИ ООО 1|  — ю 

= ТЕ [эре MT В 

JE ms |Уос- у Mk - — Ae — = 90 


а ар 8 

ш pos pe — t 

wo E 
фр 


Te теу \ү-ову вю ваш 
вади [pons  |/У00- м-гу iso 600 


ара Е _ 

Coa, [mo КЗТО араа 

Пого [To — [Мсо-15Уюо, Vo = 05 Vora 
(иманы ___| _______6 2| — 6 2 









T" орле — — во — — 8] 

vi Ouipus deabed | 08 2| — — 9s 2) 

Voc = 3 V to 3.6 V, One input at Усс - 0.6 V, 
Alcc* Other inputs at Усс ог GND mA 
TPT — eq НЕ, 
en i TET =ч ЕД 
Е = 






T All typical values аге а! Те 3.3 V, Ta = 25°C. 


+ For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
S Unused pins at Усс or GND 


1 The parameter lI (hold) includes the off-state output leakage current. 
# This is the increase in supply current for each input that is at the specified TTL voltage level rather than Усс ог GND. 
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timing requirements over recommended operating free-air temperature range (unless otherwise 
noted) (normal mode) (see Figure 14) | 










SN54LVTH182502A SN74LVTH182502A 
Voc = 3.3 V + Усс = 3.3 V А 
КҮТЕ [OAE or LKA [ e t| o во o мо вм wm | 
ааа [SUKABOrIKBARghorow | да — | ње __| 44 | 58 | 
urati А 

М LEAB or LEBA high оз з | | з | 

А before CLKABT ог rd А И 

B before CLKBAT „+ 
t Setup time - 
is 2 Ађејоге LEABL ог | CLK high 

Boere LEBAL [ак | 16 | 16 __| 16 [18 И 

A 
| А айег са ог 144 " 

th Hold time B after CLKBA | 

AaferLEABL гв апаа | ал L as | 51 [35 





timing requirements over recommended operating free-air temperature range (unless otherwise 


noted) (test mode) (see Figure 14) 
SN54LVTH182502A SN74LVTH182502A 


Voc = 3.3 V E 


TOK High oon 


A, B, CLK, LE, or = 
OE before TCKT 

2: el TDI before TCKT га 
TMS before ТСКТ 25 ~ 

ћ 


t 
t 
A, B, CLK, LE, or 5 
ОЕ айег ТСКТ 13 Ф 


2 


TMS after TCKT . 
d Delay time Power up to TCKT 
Voc power up 


t 
t 


Hold time TDI after TCKT 15 
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switching characteristics over recommended operating free-air temperature range (unless 
otherwise noted) (normal mode) (See Figure 14) 


SN54LVTH182502A SN74LVTH182502A 
FROM TO Усс 23.3 V B Voc 23.3 V E 
PARAMETER (INPUT) (OUTPUT) Усс =2.7V Voc =2.7V | UNIT 


GSC GLKA == С eee ee ee ЕТТТ 
——- О р ш олы и 
aa к |р т 

Ls Лы 88| 16 48] 88] 
(PHL es ee 15 49{ 56) 

КЕШЕЛІ оа s вт 
TES LH CLKAB 4 
рев ЗЕ poser 7| 
t Lu а щеше 

SERA 
{PHL | 15 634 ^ à72| 15 58] 68) 

Сев ва э] 
= ae ЕН LEAB E 
IE ТА з ue ва oram 

is 7a) oe) is raj за 
е = LEBA 2 
№ | Ls ПОС ШЕГЕНІ ПОС 
е па ва | 779715713 

OEAB ог ОЕВА ВОГА 
m в зе 15 78 
| = Павел ез zs ва вэ 

ОЕАВ ог ОЕВА ВогА ? 

| 25 91| ___ 93] 25 84| 89) 


switching characteristics over recommended operating free-air temperature range (unless 
otherwise noted) (test mode) (see Figure 14) 


SN54LVTH182502A SN74LVTH182502A 
FROM TO ree 3.3 V усс = 3.3 V 
PARAMETER (INPUT) (OUTPUT) БЕЛЛА и 2.7 V — НЕ пак 2.7V | UNIT 


— — -hvsT 25 14 17 
= TCKL AorB 


ЕТТЕН 


















PH = | > 7 1 55| 65) 

ЕСТЕН TCKL = 

'PHL 1.5 7| S 8| 15 65] 75) 
ul 21 4 17| ___ 20] 

= еен TCKL AorB | 

| рд | 4 21] 4 17) 20 

t | 1 ДВ ___7| 1 55) 65] 

PZH TCKL TDO E: d 

tPzL 26] 7| 15 55 
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PARAMETER MEASUREMENT INFORMATION 






o 9Y 
O Open 
From Output P 
Under Test GND tPLH/tPHL 
Сі = 50 pF 5000 tPLZ/tPZL 
(е NOST tPHZ/IPZH 


LOAD CIRCUIT 


------- 2.7 V 
Timing Input У 
|œ- оу 
—— tw — P r 
| | tsu th 


| | 2.7V | 
| | | | 27V 
Input 15V 15V Data Input 15V 15V 
ov | оу 


VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS 
PULSE DURATION SETUP AND HOLD TIMES 
27 27V 
Input 45V ы Output 1.5V 
| | ov Control - =Á = | оу 
| | | | PZL 
"РЕН ++— | tPHL | l+ -» | 
PLZ 
aM cm еі e Кемі as 
Output | 15V | (15V Stat6V | WU | мој «03V 
| VoL | ——-—-— VOL 
; | (see Note B) | | tPHz —> + 
tPHL 9—0 4—0 {РІН tezu 9 | 
Output 


| | Уон и езу VOH 
' Waveform 2 Мон ~ 0.3 V 
Output \ 15% Z РҮ 51 at GND 7 15у X M 


--- VoL (see Note B) ! 
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS 


PROPAGATION DELAY TIMES ENABLE AND DISABLE TIMES 
INVERTING AND NONINVERTING OUTPUTS _ LOW- AND HIGH-LEVEL ENABLING 


NOTES: A. Cy includes probe and jig capacitance. 
B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 
C. All input pulses are supplied by generators having the following characteristics: PRR S 10 MHz, Zo = 50Q, tp < 2.5 ns, {< 2.5 ns. 
D. The outputs are measured one at a time with one transition per measurement. 


Figure 14. Load Circuit and Voltage Waveforms 
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B ә Members of the Texas Instruments € Compatible With the IEEE Standard 


SCOPE "ч Family of Testability Products 1149.1-1990 (JTAG) Test Access Port and 

€ Members of the Texas Instruments Boundary-Scan Architecture 
Widebus™ Family @ SCOPE"" Instruction Set 

€ State-of-the-Art 3.3-V ABT Deslgn Supports - IEEE Standard 1149.1-1990 Required 
Mixed-Mode Signal Operation (5-V Input Instructions and Optional CLAMP and 
and Output Voltages With 3.3-V Усс) HIGHZ 

i — Parallel-Signature Analysis at Inputs 

е Support Unregulated Battery Operation - Pseudo-Random Pattern Generation 
Down to EAN From Outputs 

@ UBT™ (Universal Bus Transceiver) - Sample Inputs/Toggle Outputs 
Combines D-Type Latches and D-Type - Binary Count From Outputs 

9 Bus Hold on Data Inputs Eliminates the € Packaged in 64-Pin Plastic Thin Quad Flat 
Need for External Pullup Resistors (PM) Packages Using 0.5-mm 

© B-Port Outputs of 'LVTH182504A Devices Center-to-Center Spacings and 68-Pin 
Have Equivalent 25-0 Series Resistors, So Ceramic Quad Flat (HV) Packages Using 
No External Resistors Are Required 25-mil Center-to-Center Spacings 

description 


The 'LVTH18504A and ’LVTH182504A scan test devices with 20-bit universal bus transceivers are members 
of the Texas Instruments SCOPE™ testability integrated-circuit family. This family of devices supports IEEE 
Standard 1149.1-1990 boundary scan to facilitate testing of complex circuit-board assemblies. Scan access to 
the test circuitry is accomplished via the 4-wire test access port (TAP) interface. 


Additionally, these devices are designed specifically for low-voltage (3.3-V) Усс operation, but with the 
capability to provide a TTL interface to a 5-V system environment. 


In the normal mode, these devices are 20-bit universal bus transceivers that combine D-type latches and D-type 
flip-flops to allow data flow in transparent, latched, or clocked modes. The test circuitry can be activated by the 
TAP to take snapshot samples of the data appearing at the device pins or to perform a self-test on the 
boundary-test cells. Activating the TAP in the normal mode does not affect the functional operation of the 
SCOPE™ universal bus transceivers. 


Data flow in each direction is controlled by output-enable (OEAB and ОЕВА), latch-enable (LEAB and | ЕВА), 
clock-enable (CLKENAB and CLKENBA), and clock (CLKAB and CLKBA) inputs. For A-to-B data flow, the 
device operates in the transparent mode when LEAB is high. When LEAB is low, the A-bus data is latched while 
CLKENAB is high and/or CLKAB is held at a static low or high logic level. Otherwise, if LEAB is low and 
CLKENAB is low, A-bus data is stored on a low-to-high transition of CLKAB. When OEAB is low, the B outputs 
are active. When OEAB is high, the B outputs are in the high-impedance state. B-to-A data flow is similar to 
A-to-B data flow, but uses the OEBA, LEBA, CLKENBA, and CLKBA inputs. 


In the test mode, the normal operation of the SCOPE™ universal bus transceivers is inhibited, and the test 
circuitry is enabled to observe and control the I/O boundary of the device. When enabled, the test circuitry 
performs boundary-scan test operations according to the protocol described in IEEE Standard 1149.1-1 990. 








SCOPE, Widebus, and UBT are trademarks of Texas Instruments Incorporated. 
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description (continued) 


Four dedicated test pins are used to observe and control the operation of the test circuitry: test data input (TDI), 
test data output (TDO), test mode select (TMS), and test clock (TCK). Additionally, the test circuitry performs 
other testing functions, such as parallel-signature analysis (PSA) on data inputs and pseudo-random pattern 
generation (PRPG) from data outputs. All testing and scan operations are synchronized to the TAP interface. 


Active bus-hold circuitry is provided to hold unused or floating data inputs at a valid logic level. 


The B-port outputs of 'LVTH1825044A, which are designed to source or sink up to 12 mA, include 25-Q series 
resistors to reduce overshoot and undershoot. 


The SN54LVTH18504A and SN54LVTH182504A are characterized for operation over the full military 
temperature range of -55°C to 125°C. The SN74LVTH18504A and SN74LVTH1825044A are characterized for 
operation from —40°C to 85°C. 


SN54LVTH18504A, SN54LVTH182504A ... HV PACKAGE 
(TOP VIEW) 





NC - No internal connection 
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SN74LVTH18504A, SN74LVTH182504A . .. PM PACKAGE 


(TOP VIEW) 

< 

со 

<< m 

aj mn o oan gix a 
29 xóouB8BSJ2£oomnosndBü 
тшй шш її шш 1 пш б ш 1 кшй шш 1 Ji jl. IP Tr 
56 





FUNCTION TABLET 
(normal mode, each register) 


INPUTS 
OEAB LEAB CLKENAB CLKAB 





t A-to-B data flow is shown. B-to-A data flow is similar, but uses 
OEBA, LEBA, CLKENBA, and CLKBA. 

+ Output level before the indicated steady-state input conditions were 
established 
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functional block diagram 







Boundary-Scan Register 
22 





CLKENAB 


LEAB 
CLKAB 
OEAB 


CLKENBA - 94 


LEBA 


CLKBA 


OEBA е 


o 
ы 


А1 





1 of 20 Channels 
Bypass Register 
E Boundary-Control 
Register 
Identification 
. Register 
Усс | 58 
24 Instruction 
DEORE 
Vcc 
56 
TMS |> 
ТАР 
Controller 


тск—28 Р. 


Pin numbers shown аге for the PM package. 





| 35 TEXAS 
INSTRUMENTS 


7-68 POST OFFICE BOX 655303 € DALLAS, TEXAS 75265 


SN54LVTH18504A, SN54LVTH182504A, SN74LVTH18504A, SN74LVTH182504A 
| 3.3-V ABT SCAN TEST DEVICES 
WITH 20-BIT UNIVERSAL BUS TRANSCEIVERS 


SCBS667A - JULY 1996 - REVISED DECEMBER 1996 





Terminal Functions 


TERMINAL NAME DESCRIPTION 
Normal-function A-bus ИО ports. See function table for normal-mode logic. 
Normal-function B-bus /О ports. See function table for normal-mode logic. 














CLKAB, CLKBA Normal-function clock inputs. See function table for normal-mode logic. 
CLKENAB, CLKENBA | Normal-function clock enables. See function table for normal-mode logic 








LEAB, LEBA Normal-function latch enables. See function table for normal-mode logic 


A 
B 
OEAB Normal-function output enables. See function table for normal-mode logic. An internal pullup at each terminal forces 
the terminal to a high level if left unconnected. 


1 
1 

GND 

B, OEBA 
TCK 

TDI 

TDO 

TMS 

Vcc 


Test clock. One of four terminals required by IEEE Standard 1149.1-1990. Test operations of the device are 
synchronous to TCK. Data is captured on the rising edge of TCK and outputs change on the falling edge of TCK. 








Test data input. One of four terminals required by IEEE Standard 1149.1-1990. TDI is the serial input for shifting data 
through the instruction register or selected data register. An internal pullup forces TDI to a high level if left 
unconnected. 






Test data output. One of four terminals required by IEEE Standard 1149.1-1990. TDO is the serial output for shifting 
data through the instruction register or selected data register. 


Test mode select. One of four terminals required by IEEE Standard 1149.1-1990. TMS directs the device through 
its TAP controller states. An internal pullup forces TMS to a high level if left unconnected. 


Supply voltage 
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Serial-test information is conveyed by means of a 4-wire test bus or TAP that conforms to IEEE Standard 
1149.1-1990. Test instructions, test data, and test control signals are passed along this serial-test bus. The TAP 
controller monitors two signals from the test bus: TCK and TMS. The TAP controller extracts the synchronization 
(TCK) and state control (TMS) signals from the test bus and generates the appropriate on-chip control signals 
for the test structures in the device. Figure 1 shows the TAP-controller state diagram. 


The TAP controller is fully synchronous to the TCK signal. Input data is captured on the rising edge of TCK and 
output data changes on the falling edge of TCK. This scheme. ensures data to be captured is valid for fully 
one-half of the TCK cycle. 


The functional block diagram shows the IEEE Standard 1149.1-1990 4-wire test bus and boundary-scan 
architecture andthe relationships of the test bus, the TAP controller, and the test registers. As shown, the device 
contains an 8-bit instruction register and four test data registers: a 48-bit boundary-scan register, a 3-bit 
boundary-control register, a 1-bit bypass register, and a 32-bit device-identification register. 


Test-Logic-Reset 





TMS =H 










Run-Test/idie Select-DR-Scan 


Select-IR-Scan 


TMS = L 


Capture-IR 





TMS = L 


Update-IR 


Figure 1. TAP-Controller State Diagram 
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state diagram description 


The TAP controller is a synchronous finite-state machine that provides test control signals throughout the 
device. The state diagram shown in Figure 1 is in accordance with IEEE Standard 1149.1-1990. The TAP 
controller proceeds through its states, based on the level of TMS at the rising edge of TCK. 


As shown, the TAP controller consists of 16 states. There are six stable states (indicated by a looping arrow in 
the state diagram) and ten unstable states. A stable state is defined as a state the TAP controller can retain for 
consecutive TCK cycles. Any state that does not meet this criterion is an unstable state. 


There are two main paths through the state diagram: one to access and control the selected data register and 
one to access and control the instruction register. Only one register at a time can be accessed. 


Test-Logic-Reset 


The device powers up in the Test-Logic-Reset state. In the stable Test-Logic-Reset state, the test logic is reset 
and is disabled so that the normal! logic function of the device is performed. The instruction register is reset to 
an opcode that selects the optional IDCODE instruction, if supported, or the BYPASS instruction. Certain data 
registers also can be reset to their power-up values. 


The state machine is constructed such that the TAP controller returns to the Test-Logic-Reset state in no more 
than five TCK cycles if TMS is left high. The TMS pin has an internal pullup resistor that forces it high if left 
unconnected or if a board defect causes it to be open circuited. 


For the 'LVTH18504A and 1УТН18250ДА, the instruction register is reset to the binary value 10000001, which 
selects the IDCODE instruction. Bits 47—46 in the boundary-scan register are reset to logic 1, ensuring that 
these cells, which control А-роп and B-port outputs, are set to benign values (і.е., if test mode were invoked, 
the outputs would be at high-impedance state). Reset values of other bits in the boundary-scan register should 
be considered indeterminate. The boundary-control register is reset to the binary value 010, which selects the 
PSA test operation. 


Run-Test/Idle 


The TAP controller must pass through the Run-Test/Idle state (from Test-Logic-Reset) before executing any test 
operations. The Run-Test/Idle state also can be entered following data-register or instruction-register scans. 
Run-Test/Idle is a stable state in which the test logic can be actively running a test or can be idle. The test 
operations selected by the boundary-contro! register are performed while the TAP controller is in the 
Run-Test/idle state. 


Select-DR-Scan, Select-IR-Scan 


No specific function is performed inthe Select-DR-Scan and Select-IR-Scan states, and the TAP controller exits 
either of these states on the next TCK cycle. These states allow the selection of either data-register scan or 
instruction-register scan. 


Capture-DR 


When a data-register scan is selected, the TAP controller must pass through the Capture-DR state. In the 
Capture-DR state, the selected data register can capture a data value as specified by the current instruction. 
Such capture operations occur on the rising edge of TCK, upon which the TAP controller exits the 
Capture-DR state. 
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Shift-DR 


Upon entry to the Shift-DR state, the data register is placed in the scan path between TDI and ТОО. On the first 
falling edge of TCK, TDO goes from the high-impedance state to an active state. TDO enables to the logic level 
present in the least-significant bit of the selected data register. 


While in the stable Shift-DR state, data is serially shifted through the selected data register on each TCK cycle. 

. The first shift occurs on the first rising edge of TCK after entry to the Shift-DR state (i.e., no shifting occurs during 
the TCK cycle, in which the TAP controller changes from Capture-DR to Shift-DR or from Exit2-DR to Shift-DR). 
The last shift occurs on the rising edge of TCK, upon which the TAP controller exits the Shift-DR state. 


Exiti-DR, Exit2-DR 


The Exit1-DR and Exit2-DR states are temporary states that end a data-register scan. It is possible to return 
to the Shift-DR state from either Exit1-DR or Exit2-DR without recapturing the data register. On the first falling 
edge of TCK after entry to Exit1-DR, ТОО goes from the active state to the high-impedance state. 


Pause-DR 


No specific function is performed in the stable Pause-DR state, in which the TAP controller can remain 
indefinitely. The Pause-DR state suspends and resumes data-register scan operations without loss of data. 


Update-DR 
If the current instruction calls for the selected data register to be updated with current data, such updates occur 
on the falling edge of TCK, following entry to the Update-DR state. 

Capture-IR 


When an instruction-register scan is selected, the TAP controller must pass through the Capture-IR state. In 
the Capture-IR state, the instruction register captures its current status value. This capture operation occurs 
on the rising edge of ТСК, upon which the TAP controller exits the Capture-IR state. For the 'LVTH18504A and 
'LVTH1825044A, the status value loaded іп the Capture-IR state is the fixed binary value 10000001. 


Shift-IR 


Upon entry to the Shift-IR state, the instruction register is placed in the scan path between TDI and TDO. On 
the first falling edge of TCK, TDO goes from the high-impedance state to the active state. TDO enables to the 
logic level present in the least-significant bit of the instruction register. 


While in the stable Shift-IR state, instruction data is serially shifted through the instruction register on each TCK 
cycle. The first shift occurs on the first rising edge of TCK after entry to the Shift-IR state (i.e., no shifting occurs 
during the TCK cycle in which the TAP controller changes from Capture-IR to Shift-IR or from Exit2-IR to 
Shift-IR). The last shift occurs on the rising edge of TCK, upon which the TAP controller exits the Shift-IR state. 


Exit1-IR, Exit2-IR 


The Exit1-IR and Exit2-IR states are temporary states that end an instruction-register scan. It is possible to 
return to the Shift-IR state from either Exit1-IR or Exit2-IR without recapturing the instruction register. On the 
first falling edge of TCK after entry to Exit1-IR, TDO goes from the active state to the high-impedance state. 


Pause-IR 


No specific function is performed in the stable Pause-IR state, in which the TAP controller can remain 
indefinitely. The Pause-IR state suspends and resumes instruction-register scan operations without loss 
of data. 


Update-IR 


The current instruction is updated and takes effect on the falling edge of TCK, following entry to the 
Update-IR state. 
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With the exception of the bypass and device-identification registers, any test register can be thought of as a 
serial-shift register with a shadow latch on each bit. The bypass and device-identification registers differ in that 
they contain only a shift register. During the appropriate capture state (Capture-IR for instruction register, 
Capture-DR for data registers), the shift register can be parallel loaded from a source specified by the current 
instruction. During the appropriate shift state (Shift-IR or Shift-DR), the contents of the shift register are shifted 
out from TDO while new contents are shifted in at TDI. During the appropriate update state (Update-IR or 
Update-DR), the shadow latches are updated from the shift register. 


instruction register description 


The instruction register (IR) is eight bits long and tells the device what instruction is to be executed. Information 
contained in the instruction includes the mode of operation (either normal mode, in which the device performs 
its normal logic function, or test mode, in which the normal logic function is inhibited or altered), the test operation 
to be performed, which of the four data registers is to be selected for inclusion in the scan path during 
data-register scans, and the source of data to be captured into the selected data register during Capture-DR. 


Table 3 lists the instructions supported by the 'LVTH18504A and ’LVTH182504A. The even-parity feature 
specified for SCOPE" devices is supported in this device. Bit 7 of the instruction opcode is the parity bit. Any 
instructions that are defined for SCOPE™ devices but are not supported by this device default to BYPASS. 


During Capture-IR, the IR captures the binary value 10000001. As an instruction is shifted in, this value is shifted 
out via TDO and can be inspected as verification that the IR is in the scan path. During Update-IR, the value 
that has been shifted into the IR is loaded into shadow latches. At this time, the current instruction is updated 
and any specified mode change takes effect. At power up or in the Test-Logic-Reset state, the IR is reset to the 
binary value 10000001, which selects the IDCODE instruction. The instruction register order of scan is shown 
in Figure 2. 


Bit 7 
ТО! —»] Parity |Н p) TDO 
(MSB) (LSB) 


Figure 2. instruction Register Order of Scan 
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data register description 


boundary-scan register 


The boundary-scan register (BSR) is 48 bits long. It contains one boundary-scan cell (BSC) for each 
normal-function input pin and one BSC for each normal-function I/O pin (one single cell for both input data and 
output data). The BSR is used to store test data that is to be applied externally to the device output pins, and/or 
to capture data that appears internally at the outputs of the normal on-chip logic and/or externally at the device 
input pins. | 

The source of data to be captured into the BSR during Capture-DR is determined by the current instruction. The 
contents of the BSR can change during Run-Test/Idle as determined by the current instruction. At power up or 
in Test-Logic-Reset, BSCs 47-46 are reset to logic 1, ensuring that these cells, which control A-port and B-port 
outputs, are зе to benign values (i.e., if test mode were invoked, the outputs would be at high-impedance state). 
Reset values of other BSCs should be considered indeterminate. 


The BSR order of scan is from TDI through bits 47-0 to TDO. Table 1 shows the BSR bits and their associated 
device pin signals. 


Table 1. Boundary-Scan Register Configuration 


NUMBER SIGNAL NUMBER SIGNAL NUMBER SIGNAL 

[ « | 588 | 9 | Aro [№ | sevo | 
«| GE | s | лю [№ | вю | 
м | exe | | мю | t [ею | 
з | mew | ss | лью | в | вю | 
>» [ам | м [| Ao | м | вю | 
| teas [з [ avo [в | вю | 
Го | uem [| s | evo | № | вю | 
Е — [я | sme [и | seo | 
= [= [>= Tane ucc mao 
= = [а [лю | s | во” 
ЕЕ — Ев | ано ре [вю | 
— Е pum КЕ ВИАН ПЕ ТЕЗ 
| о БЕ” [в [вю | 
ЕЕ | A | s | seo | 
[up | so | 4 | E] 
|а | мю [5 | ваю 
[Се [ Am | 2 | вю | 
ЖЕКЕН | ою 1 вю | 
e q ш лш ро [шю 
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boundary-control register 


The boundary-control register (BCR) is three bits long. The BCR is used in the context of the boundary-run 
(RUNT) instruction to implement additional test operations not included in the basic SCOPE?" instruction set. 
Such operations include PRPG, PSA, and binary count up (COUNT). Table 4 shows the test operations that 
are decoded by the BCR. 


During Capture-DR, the contents of the BCR are not changed. At power up or in Test-Logic-Reset, the BCR is 
reset to the binary value 010, which selects the PSA test operation. The boundary-contro! register order of scan 
is shown in Figure 3. 


TDI TDO 





Figure 3. Boundary-Contro! Register Order of Scan 


bypass register 


The bypass register is a 1-bit scan path that can be selected to shorten the length of the system scan path, 
reducing the number of bits per test pattern that must be applied to complete a test operation. During 
Capture-DR, the bypass register captures a logic O. The bypass register order of scan is shown in Figure 4. 


Figure 4. Bypass Register Order of Scan 
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device-identification register 


The device-identification register (IDR) is 32 bits long. It can be selected andread to identify the manufacturer, 
part number, and version of this device. 


For the 'LVTH185044A, the binary value 00100000000000011101000000101111 (20010027, hex) is captured 
(during Capture-DR state) in the IDR to identify this device as Texas Instruments SN54/74LVTH18504A. 


For the 'LVTH182504A, the binary value 00010000000000100010000000101111 (1002202F, hex) is captured 
(during Capture-DR state) in the IDR to identify this device as Texas Instruments SN54/74LVTH182504A. 


The IDR order of scan is from TD! through bits 31-0 to TDO. Table 2 shows the IDR bits and their significance. 


Table 2. Device-Identification Register Configuration 


IDR BIT IDENTIFICATION IDR BIT IDENTIFICATION IDR BIT IDENTIFICATION 
“зс | юж | —25 | раптмомвепиа | № — | MANUFACTUREROOT | 
[20 | versions | —25 | PARTNUMBER | © | MANUFACTUREROSI | 
Св | менвон | № | PARTNUMBERI2 | 8 | MANUFACTUREROTT | 
Гр = [в | _вавтмомвени [ z | MANUPACTURERGSF | 
Г = [= _|_вавтмомвеето | s | MANUFACTUREROST | 
Г | s | вантмомвеноо | s — | MANUFAGTURERDsT | 
Г = [о | _вавтмомвенов | —4 | MANUFACTUREROST_ 
= = — 9 D _вавтмомвеног | 3 | MANUFACTURERODT | 
Г = [в | влатчомвеное | —2 — | мамОРАСТОНЕНОТ | 
= [и | _вавтмомвеноо | —1 — | MaNUFACTUREROOT - 
= Г = 17% | _вавтмомвеног [о | вет — — 
Ps mamo [| — L — J 
= | — — | w _вамтмимвемог | — | = J 
ЕИ ЕИ И mam | — L — J 
te mamo | — L = — — 


T Note that for ТІ products, bits 11-0 of the device-identification register always contain the binary value 000000101111 
(02F, hex). 
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instruction-register opcode description 


The instruction-register opcodes are shown in Table 3. The following descriptions detail the operation of 
each instruction. 


Table 3. Instruction-Register Opcodes 


BINARY CODEf 
BIT 7 — ВТО SCOPE OPCODE DESCRIPTION. SEL EATER DATA 
REGISTER 
MSB — LSB 


‘ооо — | SAMPLEPRELOAD | Sampie boundary | Boundary scan — | Noma | 
Г iow: | вме | — Bvpasssean _______| бе — | Nom | 
Г eoo | ве | — — Бурни |2 bypass ____ Нота — 
Li: | eveasst | — — бурен — — | Bypass | Мота | 
“ооло | ___сешлет — | Boundary setes | Boundary scan | Normal | 


t Bit 7 is used to maintain even parity in the 8-bit instruction. 
t The BYPASS instruction is executed in lieu of a SCOPE" instruction that is not supported in the 'LVTH18504A or 'LVTH182504A. 
















boundary scan 


This instruction conforms to the IEEE Standard 1149.1-1990 EXTEST instruction. The BSR is selected in the 
scan path. Data appearing at the device input and I/O pins is captured in the associated BSCs. Data that has 
been scanned into the I/O BSCs for pins in the output mode is applied to the device I/O pins. Data present at 
the device pins, except for output-enables, is passed through the BSCs to the normal on-chip logic. For ИО pins, 
the operation of a pin as input or output is determined by the contents of the output-enable BSCs (bits 47-46 
of the BSR). When a given output enable is active (logic 0), the associated I/O pins operate in the output mode. 
Otherwise, the I/O pins operate in the input mode. The device operates in the test mode. 


identification read 


This instruction conforms to the IEEE Standard 1149.1-1990 IDCODE instruction. The IDR is selected in the 
scan path. The device operates in the normal mode. 


sample boundary 


This instruction conforms to the IEEE Standard 1149.1-1990 SAMPLE/PRELOAD instruction. The BSR is 
selected in the scan path. Data appearing at the device input pins and ИО pins in the input mode is captured 
in the associated BSCs, while data appearing at the outputs of the normal on-chip logic is captured in the BSCs 
associated with I/O pins in the output mode. The device operates in the normal mode. 
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bypass scan 


This instruction conforms to the IEEE Standard 1149.1-1990 BYPASS instruction. The bypass register is 
selected in the scan path. A logic 0 value is captured in the bypass register during Capture-DR. The device 
operates in the normal mode. 


control boundary to high impedance 


This instruction conforms to the IEEE Standard 1149.1a-1993 HIGHZ instruction. The bypass register is 
selected in the scan path. A logic 0 value is captured in the bypass register during Capture-DR. The device 
operates in a modified test mode in which all device I/O pins are placed in the high-impedance state, the device 
input pins remain operational, and the normal on-chip logic function is performed. 


control boundary to 1/0 


This instruction conforms to the IEEE Standard 1149.1a-1993 CLAMP instruction. The bypass register is 
selected in the scan path. A logic 0 value is captured in the bypass register during Capture-DR. Data in the I/O ` 
BSCs for pins in the output mode is applied to the device !/O pins. The device operates in the test mode. 


boundary-run test 


The bypass register is selected in the scan path. A logic O value is captured in the bypass register during 
Capture-DR. The device operates in the test mode. The test operation specified in the BCR is executed during 
Run-Test/Idle. The five test operations decoded by the BCR are: sample inputs/toggle outputs (TOPSIP), 
PRPG, PSA, simultaneous PSA and PRPG (PSA/PRPG), and simultaneous PSA and binary count up 
(PSA/COUNT). 


. boundary read 


The BSR is selected in the scan path. The value in the BSR remains unchanged during Capture-DR. This 
instruction is useful for inspecting data after a PSA operation. 


boundary self test ) 


The BSR is selected іп the scan path. All BSCs capture the inverse of their current values during Capture-DR. 
In this way, the contents of the shadow latches can be read out to verify the integrity of both shift register and 
shadow latch elements of the BSR. The device operates in the normal mode. 


boundary toggle outputs 


The bypass register is selected in the scan path. A logic 0 value is captured in the bypass register during 
Capture-DR. Data in the shift-register elements of the selected output-mode BSCs is toggled on each rising 
edge of TCK in Run-Test/Idle and is then updated in the shadow latches and applied to the associated device 
ЏО pins on each falling edge of ТСК in Run-Test/ldle. Data in the input-mode BSCs remains constant. Data 
appearing at the device input or I/O pins is not captured in the input-mode BSCs. The device operates in the 
test mode. 


boundary-control-register scan 


The BCR is selected in the scan path. The value in the BCR remains unchanged during Capture-DR. This 
operation must be performed before a boundary-run test operation to specify which test operation is to be 
executed. | 
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boundary-control-register opcode description 


The BCR opcodes are decoded from BCR bits 2-0 as shownin Table 4. Theselected test operation is performed 
while the RUNT instruction is executed in the Run-Test/Idle state. The following descriptions detail the operation 
of each BCR instruction and illustrate the associated PSA and PRPG algorithms. 


Table 4. Boundary-Control Register Opcodes 


BINARY CODE 
BIT 2 5 ВІТ 0 DESCRIPTION 
MSB — LSB 


Sample inputs/toggle outputs (TOPSIP) 
Pseudo-random pattern generation/40-bit mode (PRPG) 
Parallel-signature analysis/40-bit mode (PSA) 













Simultaneous PSA and PRPG/20-bit mode (PSA/PRPG) 
Simultaneous PSA and binary count up/20-bit mode (PSA/COUNT) 


While the control input BSCs (bits 47—36) are not included in the toggle, PSA, PRPG, or COUNT algorithms, 
the output-enable BSCs (bits 47—46 of the BSR) control the drive state (active or high impedance) of the selected 
device output pins. These BCR instructions are only valid when the device is operating in one direction of data 
flow (that is, ОЕАВ z OEBA). Otherwise, the bypass instruction is operated. 








sample inputs/toggle outputs (TOPSIP) 


Data appearing at the selected device input-mode I/O pins is captured in the shift-register elements of the 
associated BSCs on each rising edge of TCK. Data in the shift-register elements of the selected output-mode 
BSCs is toggled on each rising edge of TCK, updated in the shadow latches, and applied to the associated 
device I/O pins on each falling edge of ТСК. 
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pseudo-random pattern generation (PRPG) 


A pseudo-random pattern is generated in the shift-register elements of the selected BSCs on each rising edge 
of TCK, updated in the shadow latches, and applied to the associated device output-mode I/O pins on each 
falling edge of TCK. Figures 5 and 6 show the 40-bit linear-feedback shift-register algorithms through which the 
patterns are generated. An initial seed value should be scanned into the BSR before performing this operation. 
A seed value of all zeroes does not produce additional patterns. 


А20-/О А19-/0 А18-/0 — А17-/0 А16-/0 A15-VO А1440  A13-/O  A12-/O  At1-liO 


А10-/0 А9-/О | A8-/O A7-VO А6-/О _ А5-/0  A4lO  A3-/O  A2-/O  At-/O 


НҤНННЕН ИУ 
—— ел нэ = = = 









B20-l/O B19-I/O B18-/O  B17-/O  B16-/O  B15-/O  B14l/O В13-/0 Bi2-/0 В11-/0 


© Е J > B10-/O  B9-/O  в80  B7-/O  B6-/O B5-/0  B4JO B30  B2-/O ВІО 
Figure 5. 40-Bit PRPG Configuration (OEAB = 0, OEBA = 1) 
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B20-/O  B19-/O  B18-/O  B17-/O  B16-/O  B15-/O  B14-//O  B13-/O  B12-/O  B11-l/O 
В8-/0 ВТ-/О В6-/О . B5-J/O A B4-l/O B3-1/0 B2-/O В1-/О 


HHH 
eae ae — 











Ф J > А10-/0  A9-/O АӘШО A7-VO А6ИШО  A5-/O  A4lO AO А250 АМО 


Figure 6. 40-Bit PRPG Configuration (OEAB = 1, ОЕВА = 0) 
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parallel-signature analysis (PSA) 


Data appearing at the selected device input-mode І/О pins is compressed into a 40-bit parallel! signature in the 
shift-register elements of the selected BSCs on each rising edge of TCK. Data in the shadow latches of the 
selected output-mode BSCs remains constant and is applied to the associated device I/O pins. Figures 7 and 8 
show the 40-bit linear-feedback shift-register algorithms through which the signature is generated. An initial 
seed value should be scanned into the BSR before performing this operation. 


A20-/O А19-/0 А18-/0 А17-/О А16-/0 А15-/0 A14-l/O А13-/0 А12-/0 А11-/О 





В10-/О В9-/О B8-/O B7-/0 В6І/О 850 BIO  B3-/O  B2-/O В1-/О 





Figure 7. 40-Bit PSA Configuration (OEAB = 0, OEBA = 1) 
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B20-/O  B19-/O  B18-/O  B17-/O  B16-/O  B15-/O  Bi4J/O  B13-/O  B12-/O В11-/0 


OH 5-5-8-8-5-5-H5-8- 


B10-/O В9-/О B8-/O В7-/О BéVO  B5-/O  B4l/O B3-/O — B2-/O В1-/0 


eral а а EIE EUIS 
ПИ =: 






A10-/O A9-UO А8ШО А7-/О AGO _ А5-/О А400 АЗ-/О А250  At-l/O 
Figure 8. 40-Bit PSA Configuration (OEAB = 1, OEBA = 0) 
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simultaneous PSA and PRPG (PSA/PRPG) 


Data appearing at the selected device input-mode /О pins is compressed into a 20-bit parallel signature in the 
shift-register elements of the selected input-mode BSCs on each rising edge of TCK. At the same time, a 20-bit 
pseudo-random pattern is generated in the shift-register elements of the selected output-mode BSCs on each 
rising edge of TCK, updated in the shadow latches, and applied to the associated device I/O pins on each falling 
edge of TCK. Figures 9 and 10 show the 20-bit linear-feedback shift-register algorithms through which the 
signature and patterns are generated. An initial seed value should be scanned into the BSR before performing 
this operation. A seed value of all zeroes does not produce additional patterns. 


А20-/0 А19-/0  A18-/O  A17-/O  A16-O А15-/0 A140 А13-/0 А12-/0 А11-/0 












AiO-/O  A9-/O АВЛО А7-/О А6/ИО _ А5-7/0  A4l/O АЗ-О 


B10-/O  B9-/O B&O  B7-/O  B6-/O  B5-/O BIO  B3-/O  B2-/O  Bl-l/O 





Figure 9. 20-Bit PSA/PRPG Configuration (OEAB = 0, OEBA = 1) 
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B20-/O  B19-/O  B18-/O  B17-/O В16-/0  B15-/O В14/0  B13-/O  B12-/O В11-/0 





В2-/0 





В10-/О  B9-l/O B4l/O 3 B3-Il/O 





В7-/О 





B6-/0 В5-/О 





В8-/О 





А10-/0  A9-/O А8-О А7-/О А6ИШО A510  A4l/O АЗ-/О A2-1/0 А/О 





Figure 10. 20-Bit PSA/PRPG Configuration (OEAB = 1, ОЕВА = 0) 
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simultaneous PSA and binary count up (PSA/COUNT) 


Data appearing at the selected device input-mode ИО pins is compressed into a 20-bit parallel signature in the 
shift-register elements of the selected input-mode BSCs on each rising edge of TCK. At the same time, a 20-bit 
binary count-up pattern is generated in the shift-register elements of the selected output-mode BSCs on each 
rising edge of ТСК, updated in the shadow latches, and applied to the associated device I/O pins on each falling 
edge of TCK. Figures 11 and 12 show the 20-bit linear-feedback shift-register algorithms through which the 
signature is generated. An initial seed value should be scanned into the BSR before performing this operation. 


A20-/O А19-/0 А18-/0 А17-/О А16-/О А15-/О А14-/0 А13-/0 А12-/0 A11-l/O 


A10-/O А9-/0 А8ШО А7-/О А6/О А5ИО  A4/O АЗШО _ А2-/0  At-l/O 





7000000000 


B20-/O  B19-//O  B18-/O В17-/0  B16-/O  B15-/O B14-/O  B13-/O  B12-/O > В11-/0 


“0 0000000006 


B10-/O B9-/0 B8-/O BO  B6-/O 850 B40  B3-/O  B2-/O  Bl1-l/O 


Figure 11. 20-Bit PSA/COUNT Configuration (OEAB = 0, OEBA = 1) 
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B20-/O  B19-/O  B18-/O  B17-/O  B16-/O  B15-/O  B14-/O  B13-/O  B12-/O В11-/0 


B10-/O В9-/О В8/0 В7-/О 860 . B5-/O В4/0 BIO ВвВ2/0 В1-/0 





JUJODUUUOD 


A20-/O А19-/0 А18-/О А17-/О А16-/0 А15-/О A14-/O А13-/0 А12-/0 А11-/0 


850 0000000006 


А10-/0  A9-/O А8ШО АТО  A&/O А5ПИО А400 АЗШО А2-/0  At-l/O 
Figure 12. 20-Bit PSA/COUNT Configuration (OEAB = 1, OEBA = 0) 
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timing description 


All test operations of the 'LVTH18504A and'LVTH182504A are synchronous to the ТСК signal. Data onthe TDI, 
TMS, and normal-function inputs is captured on the rising edge of TCK. Data appears on the TDO and 
normal-function output pins on the falling edge of TCK. The TAP controller is advanced through its states (as 
shown in Figure 1) by changing the value of TMS on the falling edge of TCK and then applying a rising edge 
to TCK. 


A simple timing example is shown in Figure 13. In this example, the TAP controller begins in the 
Test-Logic-Reset state and is advanced through its states to perform one instruction-register scan and one 
data-register scan. While in the Shift-IR and Shift-DR states, TDI is used to input serial data, and TDO is used 
to output serial data. The TAP controller is then returned to the Test-Logic-Reset state. Table 5 details the 
operation of the test circuitry during each TCK cycle. 


Table 5. Explanation of Timing Example 
TCK ` TAP STATE 
CYCLE(S) | AFTER TCK DESCRIPTION 
Test-Logio-Reset TMS is changed to a logic 0 value on the falling edge of TCK to begin advancing the TAP controller toward 
the desired state. 


= | maa | LLL 
а 
EA ЕЕС e cr 














Select-IR-Scan 


Capture-IR The IR captures the 8-bit binary value 10000001 on the rising edge of TCK as the TAP controller exits the 
Р Capture-IR state. 


Shift-IR TDO becomes active and TDI is made valid on the falling edge of TCK. The first bit is shifted into the TAP 
R 





on the rising edge of TCK as the TAP controller advances to the next state. 







| 
One bit is shifted into the IR on each ТСК rising edge. With TDI held at a logic 1 value, the 8-bit binary value 
11111111 is serially scanned into the IR. Atthe same time, the 8-bit binary value 10000001 is serially scanned 
| out of the IR ма ТОО. In ТСК cycle 13, TMS is changed to a logic 1 value to end the instruction register scan 
on the next TCK cycle. The last bit of the instruction is shifted as the TAP controller advances from Shift-IR 


Shift- 
to Exit1-IR. 
Exit1-IR TDO becomes inactive (goes to the high-impedance state) on the falling edge of TCK. 
Update-IR The IR is updated with the new instruction (BYPASS) on the falling edge of TCK. 
зерл | 


The bypass register captures a logic 0 value on the rising edge of TCK as the TAP controller exits the 
Capture-DR 
Capture-DR state. 
R 
R 























Shift- TDO becomes active and TDI is made valid on the falling edge of TCK. The first bit is shifted into the TAP 
on the rising edge of TCK as the TAP controller advances to the next state. 


D 
Shift-D The binary value 101 is shifted in via TDI, while the binary value 010 is shifted out via TDO 


Update- DR 
Бела | 


Test-Logic-Reset | Тез! operation completed 
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1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18 19 20 21 22 23 24 2 





TMS | | | | | | 
TDI 
TDO 
= e |C | Cc |C Сс с | с | с | а с с и | с | с | зо 
3215 с с ‚АМ © 
2181818 5 = :|81218 a аја вва 
c > а = - = = = 9 o o c 
TAP ~ | је |= | 2 б х|5|<|5 = х S Е с | г 
2 | фа | | е 2 u els: Ф ш | за [= 2 
Controller) ёе 15 | š |ó |1218 5552 
d © = |= 
State 5 с 3 $ 3 3 8 š 
É = 


ка 3-State (TDO) or Don’t Care (TDI) 


Figure 13. Timing Example 


absolute maximum ratings over operating free-air temperature range (unless otherwise поїеа)ї 


Supply voltage range, Уварово рева —0.5 V to 4.6 V 
Input voltage range, VI (see Note 1) 25552445 куба рака -0.5 Vto7 V 
Voltage range applied to any output in the high state or power-off state, Vo (see Note 1) .... -0.5 V to 7 V 
Current into any output in the low state, lo: SN54LVTH18504A ................................ 96 mA 
SN54LVTH182504A (A port or ТОО) ................. 96 mA 

SN54LVTH182504A (B port) ........................ 30 mA 

SN74LVTH18504A ............................... 128 mA 

SN74LVTH182504A (A portor TDO) ................ 128 mA 

SN74LVTH182504A (В port) ........................ 30 mA 

Current into any output in the high state, lo (see Note 2): SNB4LVTH18504A .................... 48 mA 
SN54LVTH182504A (A port or ТОО) .... 48 ПА 

SN54LVTH182504A (B рой) ........... 30 mA 

SN74LVTH18504A .................... 64 mA 

SN74LVTH182504A (A port or ТОО) .... 64 тА 

SN74LVTH182504A (B por) ........... 30 mA 

Input clamp current, lk (V 0). ........................ = аЯ -50 mA 
Output clamp current, low (Vo <0) eicere rere rmm] EE e IERI dC dor C ee ans —50 mA 
Maximum power dissipation at TA = 55°C (in still air) (see Note 3): PM package .................... 1W 
Storage temperature range, Ту -.............................................2..... —65°С to 150°C 


t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1. The input and output negative-voltage ratings can be exceeded if the input and output clamp-current ratings are observed. 


2. This current only flows when the.output is in the high state and Мо > Усс. 

3. The maximum package power dissipation is calculated using a junction temperature of 150*C and a board trace length of 75 mils. 
For more information, refer to the Package Thermal Considerations application note in the ABT Advanced BICMOS Technology Data 
Book, literature number SCBD002. 
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recommended operating conditions 
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= е duty cycle < 50%, f > 1 kHz 
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electrical characteristics over recommended operating free-air temperature range (unless 


otherwise noted) 
MN ТҮРЇ МАХ 
Усс = ММю МАХ, Іон = –100 pA Усс-0.2 | 
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t All typical values are at Vcc = 3.3 V, ТА = 25°С. 

+ For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
8 Unused pins at Voc or GND 

f The parameter | (поз) includes the off-state output leakage current. 

# This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND. 
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timing requirements over recommended operating free-air temperature range (unless otherwise 
noted) (normal mode) (see Figure 14) 





SN54LVTH18504A SN74LVTH18504A 


Усс = 3.3 V б: Vcc = 3.3 V 2 













íclock Clock frequency | CLKAB or CLKBA soj о 10| о 80] MHz | 
Sy eT ые ss весе сыкса 
tw Pulse duration 
LEAB or LEBA НК [s у= = = 


A before CLKABT or 
FESTE CNN | |» | 
tsu Setup time A before LEABL or |CLKhigh | 15 о | 15 | o7 | 
BbetrelEBAL [окюн | 16 __(р 16 __| 16 __| 16 | 
FELKENbeforecuxT | 28 | за | 28 — | 34 | 
[aer Скат ______- = | os | + | 98 | 
| ван скат [1 [ы | а [т 
h  Hodime [AatterteaBlorBatertepal [34 | 35 __| 31 | 35 | 
[иест _ [от | ог [т | 9 | 





timing requirements over recommended operating free-air temperature range (unless otherwise 
noted) (test mode) (see Figure 14) 












SN54LVTH18504A SN74LVTH18504A 
DEUM М = 27V е ~ и =27V | UNIT 


ЕРМЕГІ Е n ИНЕ БЕЛЕ 5 нее 






[iw Pulse duration _[TCK high огон Lu mo peo е 
A, B, CLK, CLKEN, LE, or OE E 
before TCKT 45 
Seuptime [TDi before TCKT ras a a 
TMS before TOKT ||| 
A, B, CLK, CLKEN, LE, or OE 
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W  Hodtme [Toraterckt [n] erp um. 
TMS after TCKT Е 
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switching characteristics over recommended operating free-alr temperature range (unless 
otherwise noted) (normal mode) (see Figure 14) 


SN54LVTH18504A SN74LVTH18504A 
FROM TO Veo = 3.3 V Voc = 3.3 V 
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| 25 96| 99| 25 о)  95| 


switching characteristics over recommended operating free-air temperature range (unless 
otherwise noted) (test mode) (see Figure 14) 


SNS4LVTH18504A SN74LVTH18504A 
FROM TO Voo= 3.3V Veo = 3.3V 
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recommended operating conditions 


Supply volage 













ІН 






High-level input voltage e s асы 
Low-level input voltage сај о) V | 
Input voltage и | 
| A port, TDO Lo sum p. c 
loH High-level output current 
ври ____|___„__->| — | 
A pont TO 30 8—38 
IOL Low-level output current 
laut — Lowlevel output curent A port, TDO € s — ww 
АМАу Input transition rise or fall rate Outputs enabled юм 
Operating free-air temperature [ æ t| -9 s| ° | 


T Tm duty cycle « 5096, f 2 1 kHz 
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electrical characteristics over recommended operating free-air temperature range мазе 


otherwise noted) 
Ук [сезели шз [| ау | 
-EF Voc = MIN to МАХ, IOH = -100 pA 
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timing requirements over recommended operating free-air temperature range (unless otherwise 
noted) (normal mode) (see Figure 14) 
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timing requirements over recommended operating free-air temperature range (unless otherwise 
noted) (test mode) (see Figure 14) 
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switching characteristics over recommended operating free-air temperature range (unless 
otherwise noted) (normal mode) (вее Figure 14) 
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switching characteristics over recommended operating free-air temperature range (unless 
otherwise noted) (test mode) (see Figure 14) 
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PARAMETER MEASUREMENT INFORMATION 


From Output 
Under Test 


Сі = 50 pF 


(see Note A) || 






Timing Input 


LOAD CIRCUIT 
| is NE 
| | 2.7V 
Input 1.5V 15V 
оу 
VOLTAGE WAVEFORMS 
PULSE DURATION 
2.7 V 
| | оу 


рн-— > әні. 


——— Мон 

Output l 15V | 15V 
| | VoL 

tPHL -“-» “-»- (РЕН 


| | Мон 
Output | X 1.5 V Z 15у 
=== VoL 
VOLTAGE WAVEFORMS 


PROPAGATION DELAY TIMES 
INVERTING AND NONINVERTING OUTPUTS 


NOTES: A. Cy, includes probe and jig capacitance. 
B 


tPLH/tPHL 
tpLz/tpzL 
tPHZ/tPZH 


2.7 V 





2.7 V 
Data Input 1.5V 
0У 
VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 
са 2.7V 
upu 1.5V 
ста | AS Хо я 
'PZL — yn г 
Output | | их — (4 зү 
Waveform 1 | 1.5V | | 
S1at6V | VoL + 0.3 V VoL 
(see Note B) | |їрн2 >» < 
tpzH- [< | 
Output | ———— Voy 
Waveform 2 15V Мон - 9.3 V 
$1 at GND I 
(see Note B) = ОМ 
VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 


LOW- AND HIGH-LEVEL ENABLING 


. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 


Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 


C. 
D. 


All input pulses are supplied by generators having the following characteristics: PRR < 10 MHz, Zo = 50 О, tr < 2.5 ns, tts 2.5 ns. 
The outputs are measured one at a time with one transition per measurement. 


Figure 14. Load Circuit and Voltage Waveforms 





4% TEXAS 
INSTRUMENTS 


7-98 


POST OFFICE BOX 655303 € DALLAS, TEXAS 75265 


SNS4LVTH18646A, SN54LVTH182646A, SN74LVTH18646A, SN74LVTH182646A 
3.3-V ABT SCAN TEST DEVICES 
WITH 18-BIT TRANSCEIVERS AND REGISTERS 


SCBS311B — MARCH 1994 — REVISED JULY 1996 






| о Members of the Texas Instruments € Compatible With the IEEE Standard 


SCOPE" Family of Testability Products 1149.1-1990 (JTAG) Test Access Port and 
е Members of the Texas Instruments Boundary-Scan Architecture 
Widebus ™ Family e SCOPE" Instruction Set 
€ State-of-the-Art 3.3-V ABT Design Supports – IEEE Standard 1149.1-1990 Required - 
Mixed-Mode Signal Operation (5-V Input Instructions and Optional CLAMP апа. 
and Output Voltages With 3.3-V Voc) e ON 
- Parallel-Signature Analysis at Inputs 
~ Sadie P ыша Battery Operation - Pseudo-Random Pattern Generation 
: From Outputs 
Circuitry to Provide Multiplexed - Binary Count From Outputs 
Transmission of Stored and Real-Time Data — Device Identification 
€ Bus Hold оп Data Inputs Eliminates the — Even-Parity Opcodes 
Need for External Pullup Resistors € Packaged in 64-Pin Plastic Thin Quad Flat 
€ B-Port Outputs of 'LVTH182646A Devices (PM) Packages Using 0.5-mm 
Have Equivalent 25-Q Series Resistors, So Center-to-Center Spacings and 68-Pin 
No External Resistors Are Required Ceramic Quad Flat (HV) Packages Using 
25-mil Center-to-Center Spacings 
description 


The 'LVTH18646A and 'LVTH182646A scan test devices with 18-bit bus transceivers and registers are 

members of the Texas Instruments SCOPE™ testability integrated-circuit family. This family of devices supports 

IEEE Standard 1149.1-1990 boundary scan to facilitate testing of complex circuit-board assemblies. Scan 
‚ access to the test circuitry is accomplished ма the 4-wire test access port (TAP) interface. 


Additionally, these devices are designed specifically for low-voltage (3.3- V) Vcc operation, but with the 
capability to provide a TTL interface to a 5-V system environment. 


In the normal mode, these devices are 18-bit bus transceivers and registers that allow for multiplexed 
transmission of data directly from the input bus or from the internal registers. They can be used either as two 
9-bit transceivers or one 18-bit transceiver. The test circuitry can be activated by the TAP to take snapshot 
samples of the data appearing at the device pins or to perform a self test on the boundary-test cells. Activating 
the TAP in the normal mode does not affect the functional operation of the SCOPE™ bus transceivers and 
registers. 


Transceiver function is controlled by output-enable (OE) and direction (DIR) inputs. When OE is low, the 
transceiver is active and operates in the A-to-B direction when DIR is high or in the B-to-A direction when DIR 
is low. When OE is high, both the A and B outputs are in the high-impedance state, effectively isolating both 
buses. 


Data flow is controlled by clock (CLKAB and CLKBA) and select (SAB and SBA) inputs. Data on the A bus is 
clocked into the associated registers on the low-to-high transition of CLKAB. When SAB is low, real-time A data 
is selected for presentation to the B bus (transparent mode). When SAB is high, stored A data is selected for 
presentation to the B bus (registered mode). The function of the CLKBA and SBA inputs mirrors that of CLKAB 
and SAB, respectively. Figure 1 shows the four fundamental bus-management functions that can be performed 
with the ’LVTH18646A and 'LVTH182646A. 


SCOPE and Widebus are trademarks of Texas Instruments Incorporated. 
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description (continued) 


In the test mode, the normal operation of the SCOPE" bus transceivers and registers is inhibited, and the test 
circuitry is enabled to observe and control the I/O boundary of the device. When enabled, the test circuitry 
performs boundary-scan test operations according to the protocol described in IEEE Standard 1149.1-1990. 


Four dedicated test pins are used to observe and control the operation of the test circuitry: test data input (TDI), 
test data output (TDO), test mode select (TMS), and test clock (TCK). Additionally, the test circuitry performs 
other testing functions such as parallel-signature analysis (PSA) on data inputs and pseudo-random pattern 
generation (PRPG) from data outputs. All testing and scan operations are synchronized to the TAP interface. 


Active bus-hold circuitry is provided to hold unused or floating data inputs at a valid logic level. 


The B-port outputs of 'LVTH182646A, which are designed to source or sink up to 12 mA, include 25-Q series 
resistors to reduce overshoot and undershoot. 


The SN54LVT18646 and SN54LVTH1826464 are characterized for operation over the full military temperature 
range of —55°С to 125°C. The SN74LVTH18646A and SN74LVTH182646A are characterized for operation 
from —40°С to 85°C. 


SN54LVTH18646A, SN54LVTH182646A ... HV PACKAGE 
(TOP VIEW) 
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SN74LVTH18646A, SN74LVTH182646A . .. PM PACKAGE 
(TOP VIEW) 





FUNCTION TABLE 
(normal mode, each 9-bit section) 


INPUTS DATA ИО 
OPERATION OR FUNCTION 
E DIR CLKAB CLKBA SAB SBA А1-А9 B1-B9 









о 


PRODUCT PREVIEW 








X X T X X X Input Unspecifiedt Store A, B unspecifiedt 

H X T T X X Input Input Store A and B data 
Input disabled Input disabled Isolation, hold storage 

L L X X X L Output Input Real-time B data to A bus 

L L X X X H Output Input disabled Stored B data to A bus 

L H X X L X Input Output Real-time A data to B bus 


- 
= 
х 
х 
=x 


X Input disabled Output Stored A data to B bus 


t The data-output functions can be enabled or disabled by various signals at OE and DIR. Data-input functions are always enabled; i.e., data at 
the bus pins will be stored on every low-to-high transition of the clock inputs. 
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OE DIR CLKAB CLKBA SAB SBA OE DIR СІКАВ CLKBA SAB 
L L X x x L L H x x L 
REAL-TIME TRANSFER REAL-TIME TRANSFER 
BUS ВТО ВИЗА BUS A TO BUS B 


a 

o 

> 

a 
OE DIR CLKAB CLKBA SAB SBA OE DIR СІКАВ CLKBA SAB 
X X T X X X L L X X X 
X X X T X X L H X X H 
H X T T X X TRANSFER STORED DATA 

STORAGE FROM TO A AND/OR B 


A, B, ORAAND B 


Figure 1. Bus-Management Functions 
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е 
10E 








1DIR -53 
1CLKBA -55 
15ВА -24 
59 


1CLKAB 


2CLKBA zr 


espa -28 
2CLKAB -23 


2SAB 





Bypass Register 
Ё 1 
Identification 
Register 
Усс Е 58 
2 TDO 
TDI 24 N Instr li 


uction 
Register 
Усс 
26 
TCK N Controller 


Pin numbers shown are for the PM package. 
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Terminal Functions 


TERMINAL NAME DESCRIPTION 


1A1-1A9, 
2А1-2А9 


1B1-1B9, 
2B1-2B9 


1CLKAB, 1CLKBA, Р | Р Т : 
2CLKAB, 2CLKBA Normal-function clock inputs. See function table for normal-mode logic. 


1DIR, 2DIR Normal-function direction controls. See function table for normal-mode ети = = 
K RE sassa Normal-function output enables. See function table for normal-mode logic. An internal pullup at each terminal will force 


Normal-function A-bus ИО ports. See function table for normal-mode logic. 


Normal-function B-bus I/O ports. See function table for normal-mode logic. 


the terminal to a high level if left unconnected. 


1SAB, 1SBA, 
2SAB, 25ВА Normal-function select controls. See function table for normal-mode logic. 


Test clock. One of four terminals required by IEEE Standard 1149.1-1990. Test operations of the device are synchronous 
to TCK. Data is captured on the rising edge of TCK and outputs change on the falling edge of TCK. 


Test data input. One of four terminals required by IEEE Standard 1149.1-1990. TDI is the serial input for shifting data 
through the instruction register or selected data register. An internal pullup forces TDi to a high level if left unconnected. 


= Test data output. One of four terminals required by IEEE Standard 1149.1-1990. TDO is the serial output for shifting data 





through the instruction register or selected data register. 


Test mode select. One of four terminals required by IEEE Standard 1149.1-1990. TMS directs the device through its TAP 
controller states. An internal! pullup forces TMS to a high level if left unconnected. 


Supply voltage 
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test architecture 


Serial-test information is conveyed by means of a 4-wire test bus or TAP that conforms to IEEE Standard 
1149.1-1990. Test instructions, test data, and test control signals all are passed along this serial-test bus. The 
TAP controller monitors two signals from the test bus, TCK and TMS. The TAP controller extracts the 
synchronization (TCK) and state control (TMS) signals from the test bus and generates the appropriate on-chip 
control signals for the test structures in the device. Figure 2 shows the TAP-controller state diagram. 


The TAP controller is fully synchronous to the TCK signal. Input data is captured on the rising edge of TCK and 
output data changes on the falling edge of TCK. This scheme ensures data to be captured is valid for fully 
one-half of the TCK cycle. 


The functional block diagram illustrates the IEEE Standard 1149.1-1990 4-wire test bus and boundary-scan 
architecture and the relationship among the test bus, the TAP controller, and the test registers. As illustrated, 
the device contains an 8-bit instruction register and four test-data registers: a 52-bit boundary-scan register, a 
3-bit boundary-control register, a 1-bit bypass register, and a 32-bit device-identification register. 


Test-Logic-Reset с 





TMS =H 





Select-IR-Scan 


E Capturo-IR 


Pause-IR 


Update-IR 


Solect-DR-Scan 


Capturo-DR 








Run-Test/Idle 





TMS = L 













Pause-DR 


Update-DR 























Figure 2. TAP-Controller State Diagram 
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state diagram description 


The TAP controlleris a synchronous finite state machine that provides test control signals throughout the device. 
The state diagram shown in Figure 2 is in accordance with IEEE Standard 1149.1-1990. The TAP controller 
proceeds through its states based on the level of TMS at the rising edge of TCK. 


As shown, the TAP controller consists of 16 states. There are six stable states (indicated by a looping arrow in 
the state diagram) and ten unstable states. A stable state is defined as a state the TAP controller can retain for 
consecutive TCK cycles. Any state that does not meet this criterion is an unstable state. 


There are two main paths through the state diagram: one to access and control the selected data register and 
one to access and control the instruction register. Only one register can be accessed at a time. 


Test-Logic-Reset 


The device powers up in the Test-Logic-Reset state. In the stable Test-Logic-Reset state, the test logic is reset 
and is disabled so that the normal logic function of the device is performed. The instruction register is reset to 
an opcode that selects the optional IDCODE instruction, if supported, or the BYPASS instruction. Certain data 
registers can also be reset to their power-up values. 


The state machine is constructed such that the TAP controller returns to the Test-Logic-Reset state in no more 
than five TCK cycles if TMS is left high. The TMS pin has an internal pullup resistor that forces it high if left 
unconnected or if a board defect causes it to be open circuited. 


For the 'LVTH18646A and 1УТН182646А, the instruction register is reset to the binary value 10000001, which 
selects the IDCODE instruction. Bits 51—48 in the boundary-scan register are reset to logic 0, ensuring that 
these cells, which control A-port and B-port outputs, are set to benign values (i.e., if test mode were invoked, 
the outputs would be at high-impedance state). Reset values of other bits in the boundary-scan register should 
be considered indeterminate. The boundary-control register is reset to the binary value 010, which selects the 
PSA test operation. 


Run-Testldie 


The TAP controller must pass through the Run-Test/Idle state (from Test-Logic-Reset) before executing any test 
operations. The Run-Test/Idle state also can be entered following data-register or instruction-register scans. 
Run-Test/ldle is a stable state in which the test logic can be actively running a test or can be idle. The test 
operations selected by the boundary-control register are performed while the TAP controller is in the 
Run-Test/Idle state. 


Select-DR-Scan, Select-IR-Scan 


No specific function is performed in the Select-DR-Scan and Select-IR-Scan states, and the TAP controller exits 
either of these states on the next TCK cycle. These states allow the selection of either data-register scan or 
instruction-register scan. 


Capture-DR 


When a data-register scan is selected, the TAP controller must pass through the Capture-DR state. In the 
Capture-DR state, the selected data register can capture a data value as specified by the current instruction. 
Such capture operations occur on the rising edge of TCK, upon which the TAP controller exits the Capture-DR 
state. | 


Shift-DR 


Upon entry to the Shift-DR state, the data register is placed in the scan path between TDI and TDO, and on the 
first falling edge of TCK, TDO goes from the high-impedance state to an active state. TDO enables to the logic 
level present in the least-significant bit of the selected data register. 
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Shift-DR (continued) 


While in the stable Shift-DR state, data is serially shifted through the selected data register on each TCK cycle. 
The first shift occurs onthe first rising edge of TCK after entry to the Shift-DR state (i.e., no shifting occurs during 
the TCK cycle in which the TAP controller changes from Capture-DR to Shift-DR or from Exit2-DR to Shift-DR). 
The last shift occurs on the rising edge of TCK, upon which the TAP controller exits the Shift-DR state. 


Exit1-DR, Exit2-DR 


The Exit1-DR and Exit2-DR states are temporary states that end a data-register scan. It is possible to return 
to the Shift-DR state from either Exit1-DR or Exit2-DR without recapturing the data register. On the first falling 
edge of ТСК after entry to Exit1-DR, TDO goes from the active state to the high-impedance state. 


Pause-DR 


No specific function is performed in the stable Pause-DR state, in which the TAP controller can remain 
indefinitely. The Pause-DR state suspends and resumes data-register scan operations without loss of data. 


Update-DR 


If the current instruction calls for the selected data register to be updated with current data, such update occurs 
on the falling edge of TCK, following entry to the Update-DR state. 


Capture-IR 


When an instruction-register scan is selected, the TAP controller must pass through the Capture-IR state. In 
the Capture-IR state, the instruction register captures its current status value. This capture operation occurs 
on the rising edge of ТСК, upon which the TAP controller exits the Capture-IR state. For the ’LVTH18646A and 
'LVTH1826464A, the status value loaded іп the Capture-IR state is the fixed binary value 10000001. 


Shift-IR 


Upon entry to the Shift-IR state, the instruction register is placed in the scan path between TDI and TDO, and 
on the first falling edge of TCK, TDO goes from the high-impedance state to the active state. TDO enables to 
the logic level present in the least-significant bit of the instruction register. 


While in the stable Shift-IR state, instruction data is serially shifted through the instruction-register on each ТСК 
cycle. The first shift occurs on the first rising edge of TCK after entry to the Shift-IR state (i.e., no shifting occurs 
during the TCK cycle in which the TAP controller changes from Capture-IR to Shift-IR or from Exit2-IR to 
Shift-IR). The last shift occurs on the rising edge of TCK, upon which the TAP controller exits the Shift-IR state. 


Exit1-IR, Exit2-IR 


The Exit1-IR and Exit2-IR states are temporary states that end an instruction-register scan. It is possible to 
return to the Shift-IR state from either Exiti-IR or Exit2-IR without recapturing the instruction register. On the 
first falling edge of TCK after entry to Exit1-IR, TDO goes from the active state to the high-impedance state. 


Pause-IR 


No specific function is performed in the stable Pause-IR state, in which the TAP controller can remain 
indefinitely. The Pause-IR state suspends and resumes instruction-register scan operations without loss of 
data. 


Update-IR 


The current instruction is updated and takes effect on the falling edge of TCK, following entry to the Update-IR 
state. 
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register overview 


With the exception of the bypass and device-identification registers, any test register can be thought of as a 
serial-shift register with a shadow latch on each bit. The bypass and device-identification registers differ in that 
they contain only a shift register. During the appropriate capture state (Capture-IR for instruction register, 
Capture-DR for data registers), the shift register can be parallel loaded from a source specified by the current 
instruction. During the appropriate shift state (Shift-IR or Shift-DR), the contents of the shift régister are shifted 
out from TDO while new contents are shifted in at TDI. During the appropriate update state (Update-IR or 
Update-DR), the shadow latches are updated from the shift register. | 


instruction register description 


The instruction register (IR) is eight bits long and tells the device what instruction is to be executed. Information 
contained in the instruction includes the mode of operation (either normal mode, in which the device performs 
its normal logic function, ortest mode, in which the normal logic function is inhibited or altered), the test operation 
to be performed, which of the four data registers is to be selected for inclusion in the scan path during 
data-register scans, and the source of data to be captured into the selected data register during Capture-DR. 


Table 3 lists the instructions supported by the 'LVTH18646A and 'LVTH182646A. The even-parity feature 
specified for SCOPE™ devices is supported in this device. Bit 7 of the instruction opcode is the parity bit. Any 
instructions that are defined for SCOPE™ devices but are not supported by this device default to BYPASS. 


During Capture-IR, the IR captures the binary value 10000001. As an instruction is shifted in, this value is shifted 
out ма ТОО and can be inspected as verification that the IR is in the scan path. During Update-IR, the value 
that has been shifted into the IR is loaded into shadow latches. At this time, the current instruction is updated 
and any specified mode change takes effect. At power up or in the Test-Logic-Reset state, the IR is reset to the 
binary value 10000001, which selects the IDCODE instruction. The IR order of scan is shown in Figure 3. 


Bit 7 
TDI Parity Bit 6 Bito TDO 
(MSB) (LSB) 


Figure 3. Instruction Register Order of Scan 
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data register description 


boundary-scan register 


The boundary-scan register (BSR) is 52 bits long. It contains one boundary-scan cell (BSC) for each 
normal-function input pin, one BSC for each normal-function I/O pin (one single cell for both input data and 
output data), and one BSC for each of the internally decoded output-enable signals (1OEA, 2ОЕА, 1OEB, 
2OEB). The BSR is used 1) to store test data that is to be applied externally to the device output pins, and/or 
2)to capture datathat appears internally atthe outputs ofthe normal on-chip logic and/or externally at the device 
input pins. 

The source of data to be captured into the BSR during Capture-DR is determined by the current instruction. The 
contents of the BSR can change during Run-Test/Idle, as determined by the current instruction. At power up 
or in Test-Logic-Reset, BSCs 51-48 are reset to logic 0, ensuring that these cells, which control A-port and 
B-port outputs, are set to benign values (i.e., if test mode were invoked the outputs would be at high-impedance 
state). Reset values of other BSCs should be considered indeterminate. 


When external data is to be captured, the BSCs for signals 1ОЕА, 2OEA, 1 OEB, and 2OEB capture logic values 
determined by the following positive-logic equations: 

1ОЕА = 10E • ТО, 2ОЕА = 20E • 2DIR, 1ОЕВ = 1ОЕ e DIR, and 20ЕВ = 20E е DIR 

When data is to be applied externally, these BSCs control the drive state (active or high impedance) of their 
respective outputs. 


The BSR order of scan is from TDI through bits 51-0 to TDO. Table 1 shows the BSR bits and their associated 
device pin signals. 


Table 1. Boundary-Scan Register Configuration 


— SIGNAL NUMBER SIGNAL NUMBER SIGNAL 

[20g | в | мю | п | 28940 | 
ea S 5 ыы 
[4 [в | zo [в [| 28710 | 
|___за — | os [| z [шо [| t [| же” 
= | ән [1 | zo L з | so | 
он | s | zo | t | seso] 
р E [ z [ано [L | 20 | 
= [О ра | zç | — [| o] 
[ 4 | zas | | лао | s _| чо | 
[= | us [ж | so | s | вю | 
я [а | 2 L мю [т | вю | 
= [| м [мо м [е | во | 
Сэ [ эз [L 2 | uso | s | вю | 
[3 [зз [ 2 [лыо [ + [| вю | 
Сз [жї | л | wo | 3 | тво | 
[3 [л —| 2 | co | 2 | вю | 
ЕЕ юр тво | 
ЕЕ C юр | 39: | 
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boundary-control register 


The boundary-control register (BCR) is three bits long. The BCR is used in the context of the RUNT instruction 
to implement additional test operations not included in the basic SCOPE™ instruction set. Such operations 
include PRPG, PSA, and binary count up (COUNT). Table 4 shows the test operations that are decoded by the 
BCR. 


During Capture-DR, the contents of the BCR are not changed. At power up or in Test-Logic-Reset, the BCR is 
resetto the binary value 010, which selects the PSA test operation. The boundary-control register order of scan 
is shown in Figure 4. 


TDI TDO 





Figure 4. Boundary-Control Register Order of Scan 


bypass register 


The bypass register is a 1-bit scan path that can be selected to shorten the length of the system scan path, 
reducing the number of bits per test pattern that must be applied to complete a test operation. During 
Capture-DR, the bypass register captures a logic 0. The bypass register order of scan is shown in 
Figure 5. 


TDI TDO 


Figure 5. Bypass Register Order of Scan 
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device-identification register 


The device-identification register (IDR) is 32 bits long. It can be selected and read to identify the manufacturer, 
part number, and version of this device. 


For the 'LVTH186464A, the binary value 0010000000000001 11100000001 01111 (2001 ЕО2Е, hex) is captured 
(during Capture-DR state) in the device-identification register to identify this device as Texas Instruments 
SN54/74LVTH18646A. 


For the ’LVTH182646A, the binary value 00100000000000100011000000101111 (2002302F, hex) is captured 
(during Capture-DR state) in the device-identification register to identify this device as Texas Instruments 
SN54/74LVTH182646A. 


The device-identification register order of scan is from TDI through bits 31—0 to TDO. Table 2 shows the device 
identification register bits and their significance. 


Table 2. Device-identification Register Configuration 


NUMBER SIGNIFICANCE NUMBER SIGNIFICANCE NUMBER SIGNIFICANCE 

Vension2 | № | PARTNUMBERT4 | № | MANUFACTUREROST_| 
[29 [узот — | 26 | _PARTNUMBERTa | 9 | MANUFACTUREROET_| 
Са | venson — | м | PaRTNUMBER'2 | в | MANUFACTUREROTT | 
Г = 17% | реке | 7 | MANUFACTUREROGT_| 
Г = [= | PanTNUMBERTO | $ | маМОРАСТОНЕВОВЕ | 
Е = [а [ amumo | 8 | МАМОРАСТОНЕНОФ | 
ГЕ = [о [| _вантомаваоа | 4 | MANUFACTUREROST_| 
Г s [amu | 3 | manuracrunerozt_| 
= | 18 | Parmwumaeros [2 | MANUFACTUREROTT_| 
= [Г = [= [ишиме [+ | MANUFAGTUREROOT | 
= [в | маи | o | 19865 | 
ПЗ ее БЕТ ЕСТЕСТВ | [L 3 
а ae шыгар ве БАСЫ 
Е ПО ПОЕТ ОЗ ОИ 
| |мин [L — L | 


t Note that for TI products, bits 11-0 of the device-identification register always contain the binary value 000000101111 
(O2F, hex). 
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The instruction-register opcodes are shown in Table 3. The following descriptions detail the operation of each 
instruction. 


Table 3. Instruction-Register Opcodes 


BINARY СОРЕТ 
BIT 7 2 BITO SCOPE OPCODE DESCRIPTION ааа 
MSB > LSB 
00000000 EXTEST 
10000001 IDCODE Identification read 


10000010 SAMPLE/PRELOAD Sample boundary Boundaryscan | Мота | 
00000011 т | _______Бураема _______ бе | Noma | 

















Norma 
Охооо | ауға — | ны — — | бе | Мота | 
[1:10 | — замон | Bewdanrcenelegsterssan — | Boundary controt | Мота | 


t Bit 7 is used to maintain even parity in the 8-bit instruction. 
t The BYPASS instruction is executed in lieu of a SCOPE™ instruction that is not supported in the 'LVT 18646 or 'LVT182646. 


boundary scan 


This instruction conforms to the IEEE Standard 1149.1-1990 EXTEST instruction. The BSR is selected in the 
scan path. Data appearing at the device input and I/O pins is captured in the associated BSCs. Data that has 
been scanned into the I/O BSCs for pins in the output mode is applied to the device I/O pins. Data present at 
the device pins is passed through the BSCs to the normal on-chip logic. For I/O pins, the operation of a pin as 
input or output $ determined by the contents of the output-enable BSCs (bits 51—48 of the BSR). When a given 
output enable is active (logic 1), the associated I/O pins operate in the output mode. Otherwise, the I/O pins 
operate in the input mode. The device operates in the test mode. 


identification read 


This instruction conforms to the IEEE Standard 1149.1-1990 IDCODE instruction. The device identification 
register is selected in the scan path. The device operates in the normal mode. 


sample boundary 


This instruction conforms to the IEEE Standard 1149.1-1990 SAMPLE/PRELOAD instruction. The BSR is 
selected in the scan path. Data appearing at the device input pins and I/O pins in the input mode is captured 
іп the associated 8505, while data appearing at the outputs of the normal on-chip logic is captured in the BSCs 
associated with ИО pins іп the output mode. The device operates in the normal mode. 
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bypass scan 


This instruction conforms to the IEEE Standard 1149.1-1990 BYPASS instruction. The bypass register is 
selected in the scan path. A logic 0 value is captured in the bypass register during Capture-DR. The device 
operates in the normal mode. 


control boundary to high impedance 


This instruction conforms to the IEEE Standard 1149.1a-1993 HIGHZ instruction. The bypass register is 
selected in the scan path. A logic 0 value is captured in the bypass register during Capture-DR. The device 
operates in a modified test mode in which all device I/O pins are placed in the high-impedance state, the device 
input pins remain operational, and the normal on-chip logic function is performed. 


control boundary to 1/0 


This instruction conforms to the IEEE Standard 1149.1a-1993 CLAMP instruction. The bypass register is 
selected in the scan path. A logic О value is captured in the bypass register during Capture-DR. Data in the I/O 
BSCs for pins in the output mode is applied to the device I/O pins. The device operates in the test mode. 


boundary-run test 


The bypass register is selected in the scan path. A logic 0 value is captured in the bypass register during 
Capture-DR. The device operates in the test mode. The test operation specified in the BCR is executed during 
Run-Test/Idle. The five test operations decoded by the BCR are: sample inputs/toggle outputs (TOPSIP), 

. PRPG, PSA, simultaneous PSA and PRPG (PSA/PRPG), and simultaneous PSA and binary count up 
(PSA/COUNT). 


boundary read 


The BSR is selected in the scan path. The value in the BSR remains unchanged düring Capture-DR. This 
instruction is useful for inspecting data after a PSA operation. 


boundary self test 


The BSR is selected in the scan path. All BSCs capture the inverse of their current values during Capture-DR. 
In this way, the contents of the shadow latches сап be read out to verify the integrity of both shift-register and 
shadow-latch elements of the BSR. The device operates in the normal mode. 


boundary toggle outputs 


The bypass register is selected in the scan path. A logic 0 value is captured in the bypass register during 
Capture-DR. Data in the shift-register elements of the selected output-mode BSCs is toggled on each rising 
edge of ТСК in Run-Test/Idle and is then updated in the shadow latches and thereby applied to the associated 
device I/O pins on each falling edge of TCK in Run-Test/ldle. Data in the input-mode BSCs remains constant. 
Data appearing at the device input or /О pins is not captured in the input-mode BSCs. The device operates in 
the test mode. 


boundary-control-register scan 


The BCR is selected in the scan path. The value in the BCR remains unchanged during Capture-DR. This 
operation must be performed before a boundary-run test operation to specify which test operation is to be 
executed. 
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boundary-control-register opcode description 


The BCR opcodes are decoded from BCR bits 2-0 as shown in Table 4. The selected test operation is 
performed while the RUNT instruction is executed in the Run-Test/Idle state. The following descriptions detail 
the operation of each BCR instruction and illustrate the associated PSA and PRPG algorithms. 


Table 4. Boundary-Control Register Opcodes 


BINARY CODE 

BIT 2 > BIT 0 DESCRIPTION 
MSB > LSB 

Sample inputs/toggle outputs (TOPSIP) 
Pseudo-random pattern generation/36-bit mode (PRPG) 


Parallel-signature analysis/36-bit mode (PSA) 






X00 
X01 
X10 
011 





Simultaneous PSA and PRPG/18-bit mode (PSA/PRPG) 
Simultaneous PSA and binary count up/18-bit mode (PSA/COUNT) 


While the control input BSCs (bits 51-36) are not included in the toggle, PSA, PRPG, or COUNT algorithms, 
the output-enable BSCs (bits 51-48 of the BSR) control the drive state (active or high impedance) of the 
selected device output pins. These BCR instructions are only valid when both bytes of the device are operating 
in one direction of data flow (that is, (ОЕА = 1OEB and 2OEA z 2OEB) and in the same direction of data flow 
(that is, 1OEA = 2OEA and 1OEB = 2OEB). Otherwise, the bypass instruction is operated. 





sample inputs/toggle outputs (TOPSIP) 


Data appearing at the selected device input-mode І/О pins is captured in the shift-register elements of the 
associated BSCs on each rising edge of TCK. Data in the shift-register elements of the selected output-mode 
BSCs is toggled on each rising edge of TCK, updated in the shadow latches, and applied to the associated 
device ИО pins on each falling edge of ТСК. 
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pseudo-random pattern generation (PRPG) 
A pseudo-random pattern is generated in the shift-register elements of the selected BSCs on each rising edge 
of ТСК, updated іп the shadow latches, and applied to the associated device output-mode ИО pins on each 
falling edge of TCK. Figures 6 and 7 illustrate the 36-bit linear-feedback shift-register algorithms through which 
the patterns are generated. An initial seed value should be scanned into the BSR before performing this 
operation. A seed value of all zeroes will not produce additional patterns. 


2A9-/O 2А8-/0 2А7-/0 2А6-/О 2А5-/0 2A4-0 2А3-ИО 2А2-/0 2А1-/О 











1A7-/O  1A6-/O  1A5-/O  1A4-/O 1АЗ-/О  1A2-/O 1А1-/О 


mg LIC 


1А9-/0 1А8-/0 






283-/0 — 2B2-/O 281-/0 





2B9-/O  2B8-/O  2B7-/O  2B6-/O 285-/0  2B4-/O 


Ф | J > 1B9-/O 1В8-/0 1B7-/O  1B6-/O  1B5-/O 184/0  1B3-/O  1B2-/O 181-/0 


Figure 6. 36-Bit PRPG Configuration (1OEA = 2OEA = 0, 10EB = 2OEB = 1) 
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2B9-/O  2B8-/O  2B7-/O  2B6-/O  2B5-/O  2B4-/O  2B3-/O  2B2-/O  2B1-l/O 


1В9-/0  1B8-/O  1B7-/O  1B6-/O  1B5-/O 184/0  1B3-/O  1B2-/O 1В1-/О 





© | J > 1А9-/0 — 1A8-/O 1А7-/0 1А6-/0 1А5-/0 1ҮЛ4-/0 1АЗ-/О 1А2-/0 1А1-/0 
Figure 7. 36-Bit PRPG Configuration (1ОЕА = 20EA = 1, 1ОЕВ = 20EB = 0) 
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parallel-signature analysis (PSA) 


Data appearing at the selected device input-mode І/О pins is compressed into a 36-bit parallel signature in the 
shift-register elements of the selected BSCs on each rising edge of TCK. Data in the shadow latches of the 
Selected output-mode BSCs remains constant and is applied to the associated device I/O pins. Figures 8 and 9 
illustrate the 36-bit linear-feedback shift-register algorithms through which the signature is generated. An initial 
seed value should be scanned into the BSR before performing this operation. 


2A9-/O  2A8-/O 2А7-И/0 2А6-/0 2A5-/O 2А4-/О 2A3-/O  2A2-/O 2А1-/О 


1A9-l/O 1A8-/O 1А7-/О 1А6-/0 1А5-/0  1A4-/O 1АЗ-ИО 1A2-I/O 1А1-/О 


8-8-8-8-8-8-8-8- 
| LS t oL oL, 





Ф : J> 1B9-/0  1B8-/O  1B7-l/O 186-/0  1B5-/O 1840  1B3-/O  1B2-/O 1В1-/О 


Figure 8. 36-Bit PSA Configuration (1OEA = 2ОЕА = 0, 10EB = 2OEB = 1) 
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2B9-/O  2B8-/O 287-/0 286-/0  2B5-/O  2B4-/O  2B3-/O  2B2-/O 281-/0 






189-/O 1В8-/О  1B7-/O  1B6-/O  1B5-/O  1B4-/O  1B3-/O  1B2-/O 1В1-/О 





© =) > 1А9-/0 1А8-/О 1А7-/О 1А6-/О 1А5-/О 1А4-/О 1АЗ-/О 1А2-/О 1А1-/О 


Figure 9. 36-Bit PSA Configuration (1OEA = 2ОЕА = 1, 10EB = 20EB = 0) 
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simultaneous PSA and PRPG (PSA/PRPG) 


Data appearing at the selected device input-mode I/O pins is compressed into an 18-bit parallel signature in 
the shift-register elements of the selected input-mode BSCs on each rising edge of TCK. At the same time, an 
18-bit pseudo-random pattern is generated in the shift-register elements of the selected output-mode BSCs on 
each rising edge of TCK, updated in the shadow latches, and applied to the associated device I/O pins on each 
falling edge of TCK. Figures 10 and 11 illustrate the 18-bit linear-feedback shift-register algorithms through 
which the signature and patterns are generated. An initial seed value should be scanned into the BSR before 
performing this operation. A seed value of all zeroes will not produce additional patterns. 


2A9-/O  2A8-/O 2А7-/0 2А6-/0 2А5-/О 2A41/0 2A3-/O  2A2-/O 2А1-/О 


1А9-/О  1A8-l//O  1A7-l//O 1А6-/О 1А5-/0 1А4-/0 1А3-/0  1A2-l/O 1А1-/О 





© = J > 1B9-/O  1B8-/O  1B7-/O  1B6-/O  1B5-/O 1840  1B3-/O 1В2-/0 1В1-/О 


Figure 10. 18-Bit PSA/PRPG Configuration (1OEA = 20EA = 0, 10EB = 2OEB = 1) 
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2B9-/O 288-/0 2В7-/О  2B6-/O  2B5-/O 2В4-/О  2B3-/O  2B2-/O  2B1-l/O 





. 1A9-l/O 1ҮА8-/О 1А7-/О 1А6-/0 1A5-l//O  1A4-I/O 1АЗ-/О  1A2-I/O 1А1-/О 


Figure 11. 18-Bit PSA/PRPG Configuration (1OEA = 20EA = 1, 10EB = 20EB = 0) 
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simultaneous PSA and binary count up (PSA/COUNT) 


Data appearing at the selected device input-mode ИО pins is compressed into ап 18-bit parallel signature in 
the shift-register elements of the selected input-mode BSCs on each rising edge of TCK. At the same time, an 
18-bit binary count-up pattern is generated in the shift-register elements of the selected output-mode BSCs on 
each rising edge of ТСК, updated in the shadow latches, and applied to the associated device I/O pins on each 
falling edge of TCK. Figures 12 and 13 illustrate the 18-bit linear-feedback shift-register algorithms through 
which the signature is generated. An initial seed value should be scanned into the BSR before performing this 
operation. 


2А9-/0 2А8-/0 2А7-/0 2А6-/0 2А5-/0 2А4-/0 2АЗ-ИО 2А2-/0 2А1-/0 


1А9-/О 1А8-/0 1ҮА7-/О 1А6-/0 1А5-/О 1ҮА4-/О 1АЗ-/О 1А2-/0 1А1-/0 





ааа тайт аа 


2В9-/0 288-/0 287-/0  2B6-/O  2B5-/O 2В4-/0 283-/0 282-/0 281-/0 


50000000006 


© 


1В9-/0 1В8-/О  1B7-/O  1B6-/O  1B5-/O 1В4-/О  1B3-/O  1B2-/O 1В1-/О 


Figure 12. 18-Bit PSA/COUNT Configuration (10EA = 2OEA = 0, 10EB = 2OEB = 1) 
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2B9-/O  2B8-/O  2B7-/O  2B6-/O 285-/0 2B4-/O  2B3-/O 282-/0 2В1-/О 





2А9-/0 2А8-/0 2А7-/О 2А6-/О 2А5-И/О 2А4-/0 2А3-/0 2А2-/0  2A1-I/O 


во опос 


1А9-/0  1A8-/O  1A7-/O  1A6-/O  1A5-/O  1A4-/O  1A3-/O  1A2-/O 1А1-/О 


Figure 13. 18-Bit PSA/COUNT Configuration (1OEA = 20EA = 1, 10EB = 2OEB = 0) 
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timing description 


All test operations of the 1УТН18646А and ’LVTH182646A are synchronous to the ТСК signal. Data on the TDI, 
TMS, and normal-function inputs is captured on the rising edge of TCK. Data appears on the TDO and 
normal-function output pins on the falling edge of TCK. The TAP controller is advanced through its states (as 
shown in Figure 2) by changing the value of TMS on the falling edge of TCK and then applying a rising edge 
to TCK. 


A simple timing example is shown in Figure 14. In this example, the TAP controller begins in the 
Test-Logic-Reset state and is advanced through its states as necessary to perform one instruction-register scan 
and one data-register scan. While in the Shift-IR and Shift-DR states, TDI is used to input serial data, and TDO 
is used to output serial data. The TAP controller is then returned to the Test-Logic-Reset state. Table 5 explains 
the operation of the test circuitry during each TCK cycle. 


Table 5. Explanation of Timing Example 


TCK TAP STATE 
CYCLE(S) | AFTER ТСК DESCRIPTION 


TMS is changed to a logic O value on the falling edge of TCK to begin advancing the TAP controller toward 
the desired state. 










Test-Logic-Reset 


Е ET] 
= бави | — —— C C CUCU s t a C C] 
ү е ed 


Select-IR-Scan 
Capture-IR The IR captures the 8-bit binary value 10000001 on the rising edge of TCK as the TAP controller exits the 




















One bit is shifted into the IR on each TCK rising edge. With TDI held at a logic 1 value, the 8-bit binary value 

11111111 is serially scanned into the IR. At the same time, the 8-bit binary value 10000001 is serially scanned 
Update-IR The IR is updated with the new instruction (BYPASS) on the falling edge of TCK. 
ооа 


Capture-IR state. 
ЕСЕ Shift-IR TDO becomes active and TDI is made valid on the failing edge of TCK. The first bit is shifted into the TAP on 
7-13 Shift-IR | : А 
out of the IR via ТОО. In ТСК cycle 13, TMS is changed to a logic 1 value to end the IR scan on the next ТСК 
cycle. The last bit of the instruction is shifted as the TAP controller advances from Shift-IR to Exit1-IR. 
The bypass register captures a logic 0 value on the rising edge of TCK as the TAP controller exits the 
Capture-DR state. 


the rising edge of TCK as the TAP controller advances to the next state. 
Exiti-IR TDO becomes inactive (goes to the high-impedance state) on the falling edge of TCK. 
ТОО becomes active and ТО! is made valid on the falling edge of TCK. The first bit is shifted into the TAP on 





= 


~ 


Capture-DR 


Shift-DR 





the rising edge of TCK as the TAP controller advances to the next state. 


The binary value 101 is shifted in via TDI, while the binary value 010 is shifted out via TDO. 
ТОО becomes inactive (goes to the high-impedance state) on the falling edge of TCK. . 


Update-D In general, the selected data register is updated with the new data on the falling edge of TCK 
оа 


Select-IR-Scan 


Test-Logic-Reset | Test operation completed 


г 
A 
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 


„М NINI 
55505960606 


Саха 
459% 


><, 





> {2 Е с сЕ | 
ЗЕЕ: g БЕБЕ 5 Еа š 
215 Š £ = |3 ó £ | 8 
|4 S| (0 | oe |ы = = | се в | “* 

TP Sie БЕЯ 5 852 5 аз БЕ 
Controle] 2 | £ | 2 | 5 | 8 э| | 5 Sila]? 
State ЗЕ | 3 e |° 81513 
о оо» 

$| à 8 883 


5% 3-State (ТОО) ог Don’t Care (TDI) 


Figure 14. Timing Example 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 


Supply voltage range, Моб vuseuau estin edes ы екы evden татыр EN va Se —0.5 V to 4.6 V 
Input voltage range, VI (see Note 1) слагали ас слања веера EP к -0.5 Vto7 V 
Voltage range applied to any output in the high state or power-off state, Мо (see Note 1) .... -0.5 V to 7 V 
` Current into any output in the low state, lo: SNB4LVTH18646A ................................ 96 mA 
5М541УТН182646А (A port or ТОО) ................. 96 mA 

SN54LVTH182646A (B port) ........................ 30 mA 

SN7ALVTH1B646AÀ ............................... 128 mA 

SN74LVTH182646A (A port or TDO) ................ 128 mA 

SN74LVTH182646A (B port) ........................ 30 mA 

Current into any output in the high state, lo (see Note 2): SNB4LVTH18646A .................... 48 mA 
SN54LVTH182646A (A port or ТОО) .... 48mA 

SN54LVTH182646A (B рой) ........... 30 mA 

SN74LVTH18646A .................... 64 mA 

SN74LVTH182646A (A port or ТОО) .... 64 mA 

SN74LVTH182646A (B port) ........... 30 mA 

Input clamp current, Inc (VV 0): ........................................................... -50 mA 
Output clamp current, loi (Vo <0) ........................................................ —50 mA 
Maximum power dissipation at TA = 55°C (in still air) (see Note 3): PM package .................... 1 W 
Storage temperature range, stg. ...... csse —65?C to 150°C 


t Stresses beyond those listed under "absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1. The input and output negative-voltage ratings can be exceeded if the input and output clamp-current ratings are observed. 

2. This current will only flow when the output is in the high state and Мо > Voc. 

3. The maximum package power dissipation is calculated using a junction temperature of 150°C and a board trace length of 75 mils. 
For more information, refer to the Package Thermal Considerations application note in the ABT Advanced BiCMOS Technology Data 
Book, literature number 5СВО002. 
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recommended operating conditions 
SN54LVTH18646A | SN74LVTH18646A 


CC Supply voltage 
High-level input voltage 
VIL Low-level input voltage 


Он High-level output current 
OL Low-level output current 
01 Low-level output current 
At/Av Input transition rise or fall rate 
ТА Operating free-air temperature 
T Current duty cycle < 50%, f 2 1 kHz 





2.7 3.6 
Vi C Inputvolage are 


27 36 
40 


85 
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electrical characteristics over recommended operating free-air temperature range (unless 


otherwise noted) (see Note 4) 


TEST CONDITIONS 


Voc = 2.7 V || = -18 mA у 







SN54LVTH18646A 
PARAMETER 








Мк 













Усс = MIN to МАХ, Іон = –100 pA Усс-0.2 Усс-0.2 
ЕЗЕРА ЛИНИЯ УТРЕ 
Мон он = -8 mA ___ 24 _____| 24 ____| V 
ТИ ыза e ters 
ss j s ee == 
io. = 10 el 1 
Voc =2.7V os 
eum | ——— — ur. UE 
lo = 16 mA м4) _______ 04 
VOL OL ү 
[01 = 32 тА о) 0 
Усс + ЗУ 
lo = 48 mA is re OOS РЕНИ 
lo, = 64 mA 95 
CLK, DIR, [Усс = 3:6 v, VI = Voc or GND 
S, TCK [Усс =бог МАХ — Vi- 55V r o 
— e Tee 
FT сон СТАИ = с 
TMS Voc = 3.6 У М + Усс 1 uA 
мо [в — | as Не 
те puc 
T M ЛЕТ e Е 
ports Voc = 3.6 У Vis Усс 1 1 
uso а __ о 
т UTD wea р. 
=. ТҮ 
еще М-гу = i 
om [mo [vecse — — урса = TR 
cat ло и ау сиво ри 
iozeu [Too — [vec -ote15V. — vo -osversy 
Ozeo |196 — [Voce -18Y10, — vo -0svorsv 






Voc = 3.6 V, 


Оти | — — — — 2| 2 





сс one 39  — s| m 
М-Мособно [ouputsdsabed — | — ООО 
LN sy 
со  ]wesveo || 
он =. 
По ДМо-зМого poc qoo үт 


T All typical values are at УСС = 3.3 V, ТА = 25*C. 

t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
§ Unused pins at Voc or GND 

f The parameter (һо!) includes the off-state output leakage current. 

# This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND. 
NOTE 4: Product preview specifications are design goals only and are subject to change without notice. 
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timing requirements over recommended operating free-air temperature range (unless otherwise 
noted) (normal mode) (see Note 4 and Figure 15) 


SN54LVTH18646A SN74LVTH18646A 
\сс= 3.3 V Veces 3.3 V 
шош Glock frequency __ | CLKAB or CLKBA р —— 


CLKAB or CLKBAhighoriow || 
Setu time A before CLKABT or 
Р В before CLKBAT 
i A after CLKABT or 
th Hold time B after CLKBAT Ph ias ан 


timing requirements over recommended operating free-air temperature range (unless otherwise 





noted) (test mode) (see Note 4 and Figure 15) 


SN54LVTH18646A SN74LVTH18646A 


"сов 3.3 V "GC 3.9 V 
€ Clock frequency к р м 
[tu Pulse duration _| ТОК high ог r ——— I 
A, B, CLK, DIR, OE or S 
before TCKT 


ш O [1D ibetore TOKT — ИЕНЕН ЕГ: ЛЕБИ КЕШЕН 



















TMS before |TMSbeforeTCKT | 
ll ЯВА И пива 
after TCKT 

һи зыт [L L 
us ИЕНЕН aut Пе ЭНЭ — 

ы Daun —— Poor | || 80 T ЗИ 

«нете [vocem | | | №. 





NOTE 4: Product preview specifications are design goals only and are subject to change without notice. 
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switching characteristics over recommended operating f free-air зе анге range (Отава 
otherwise noted) (normal mode) (see Note 4 and Figure 15) 


| SNS4LVTH18646A | 8646А | SN74LVŤH18646A | 18646А 
FROM то Voo= MEM EC DUI 3.3 V 
PARAMETER (INPUT) (OUTPUT) METH DE | Voo=27¥ | EHE ЕСЕЛІ чи 


[me | CLKAB or CLKBA 
== 
Сара 


Помен | 15 7 
—— 
РЫ SAB or SBA 

tPHL 

tPZL 





switching characteristics over recommended operating free-air temperature range (unless 
otherwise noted) (test mode) (see Note 4 and Figure 15) 


SN54LVTH18646A SN74LVTH18646A 
FROM TO Усс = 9.3 V Е Voc = 3.3 V = 
шына (INPUT) (OUTPUT) ME Ини БА Чы 


| max | ттк | у | 
|______-| ________| 2s в 
РІН TCKL Е = В 
15 
TCK} — 


. TCK} 


tPZH 
tPZL 


TCKL 





NOTE 4: Product preview specifications are design goals only and are subject to change without notice. 
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recommended operating conditions 


Ун Highlevelinputvotage — 12221222171 
СТИРТ [у | 
[м | 


| Aor, TDO ENEEERE |______-=> | 
H High-level output current mA 
В por |______-2 |_____-= | 










о 
Аро, 100 ОЕ 
loL Low-level output current mA 
ах ____| — 1| 
loLt Low-level output current A port, TDO авв | тд | 
At/Av Input transition rise or fall rate Outputs enabled 






ТА Operating free-air temperature 
t Current duty cycle < 50%, f > 1 kHz 





56—05 | во | 





3» TEXAS 
. INSTRUMENTS 


POST OFFICE BOX 655303 € DALLAS, TEXAS 75265 7-129 


PRODUCT PREVIEW 


малана іопаона 


SN54LVTH18646A, SN54LVTH182646A, SN74LVTH18646A, SN74LVTH182646A 
3.3-М ABT SCAN TEST DEVICES | 
WITH 18-BIT TRANSCEIVERS AND REGISTERS 


SCBS311B - MARCH 1994 - REVISED JULY 1996 





electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) (see Note 4) 















Dac боси Nem Cm [eo слее 
" ыле r | 
қон Го 
ТЕРЕЗА | — АЕ = = 
п о =т= > s 
езе hae 
ioc ни БЕНЕН >= ===) 
от Е 7) 
Vou (uses [eos] os) Y 
ше ало р ие 
a ИЕН НЕВИС 
ГЕТЕ a) aT] 
acon 
Ото ГІЛІ ЕТЕГІ = у ===, 
= a ae ЕНЕ 1 
: 
wo [в 
у-у cae) — а 
Ш юш ше RE 3E 
a s| NE DAE 
Hc — Nem уш ое - ГТ ыр; 
|o [ro 
Шон [m xe о р гет ВЕРЕЯ 
Поле [м в, “хоу = o] ОИ ПОЙ 
Поле |тоо — |VoosoteiSY. Vos мага Ва | 


Оро. |1007 |Vcc -15Vt0. — Мо-овуагзу 
Veowsev, [mws ОЕ ОЕ 

es 2. ouai в] m 
М-Мосетвно [outputs disabled 


Усс = 3 V to 3.6 V, One input at Усс - 0.6 V, 
АСС Other inputs at Voc or GND ma 
а Sa шј а a 





[Gg C |м-3Уо 
e |Мо-змего fe e 
e  |Мо-зусо fe ee 


_ 1 All typical values are at Voc = 3.3 V, ТА = 25°С. 


+ For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
S Unused pins at Voc or GND 

1 The parameter (по) includes the off-state ouput leakage current. 

# This is the increase in supply current for each input that is at the specified TTL voltage level rather than Voc or GND. 
NOTE 4: Product preview specifications are design goals only and are subject to change without notice. 
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timing requirements over recommended operating free-air temperature range (unless otherwise 
noted) (normal mode) (see Note 4 and Figure 15) 


SN54LVTH182646A SN74LVTH182646A 


час 3.3 V "еса 3.3 V 


mac Соната“ _ [CLKAB or CIPA =. D ps 
Pulse duration CLKAB or CLKBA high or low — — MP sil 


DOR A before CLKABT or 
P B before CLKBAT 
I A after CLKABT or 


timing requirements over recommended operating free-air temperature range (unless otherwise 
noted) (test mode) (see Note 4 and Figure 15) 


SN54LVTH182646A SN74LVTH182646A 
Voc= 3.3 V Vec = 3.3 V 


TOK ahr 


A, B, CLK, DIR, OE or S 
before TCKT 






























Setuptime [FOr betore TCK — ee | = еа 
TMS betoro TOK? Е E E 


Ze НИИ ИИ E 

after TCKÎ 

bow eee 
Hwsawr Б — ] ОЕ TL И 

| Deaytme — [Power | |__| 0 || =| 

|| еше  [Vocpowerus | | oo | њ» | 


NOTE 4: Product preview specifications are design goals only and are subject to change without notice. 
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switching characteristics over recommended operating free-air temperature range (unless 
otherwise noted) (normal mode) (see Note 4 and Figure 15) 


SN54LVTH182646A SN74LVTH182646A 
FROM \сс = 3.3 V ES 3.3 V 
PARAMETER (INPUT) ures aa 27V E ES зү PL 2.7V | UNIT 


оер РЕНЕ 


| лин | 
tPHL 


t 
CLKAB or CLKBA BorA 


AorB BorA 


| за | вел | 

| се | s | 
"m 
'PHZ BorA 


PE се == = ==; 


switching characteristics over recommended operating free-air temperature range (unless 
otherwise noted) (test mode) (see Note 4 and Figure 15) 


SN54LVTH182646A SN74LVTH182646A 
FROM TO Усс = 3.3 V _ Voc =3.3V > 


| мах | тк) 
PLH TCKL 
t 
РІН TCKL 
6. — 





t 
[zn TCKL 
tPZL 


tPZH 


TCKL 


РН2 теку 





NOTE 4: Product preview specifications are design goals only and are subject to change without notice. 
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PARAMETER MEASUREMENT INFORMATION 






о 6v 
From Output О Open tPLH/tPHL 
Under Test GND tPLZ/tPZL 
CL 250 pF tPHZ/tPZH 
(see Noto A) 
LOAD CIRCUIT Timing Input 
| id | 
| | 2.7 V 
| | 2.7 V 
Input 1.5V 1.5V Data Input Х 45V Z sv 
oV ov 
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS 
PULSE DURATION SETUP AND HOLD TIMES 
2.7 V i 2.7 V 
; Output ' v 
| | РРС tPzL—b М | 
tPLH tPHL | ! 
Pag ay cma еи 
Output | 15V | 1.5V T Siate V | ` | VoL + 0.3 V у 
| | OL (see Note B) | | tPHZ M + OL 
tPHL ——5À “-»- tPLH зи tPZH—*  (4— | 
| у | Бү Мон Waveform 2 15V VoH -0.3 V VoH 
Output 1.5 1. $1 at GND | 
—-—-— VoL (seeNoteB) ON 
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES ENABLE AND DISABLE TIMES 
INVERTING AND NONINVERTING OUTPUTS LOW- AND HIGH-LEVEL ENABLING 


NOTES: A. Cy, includes probe and jig capacitance. 
B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 
C. All input pulses are supplied by generators having the following characteristics: PRR < 10 MHz, Zo = 50 О, tp < 2.5 ns, tts 2.5 ns. 
D. The outputs are measured one at a time with one transition per measurement. 


Figure 15. Load Circuit and Voltage Waveforms 
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€ Members of the Texas Instruments о равним With the IEEE Standard 


SCOPE ™ Family of Testability Products 1149.1-1990 (JTAG) Test Access Port and 
€ Members of the Texas Instruments Boundary-Scan Architecture 
Widebus™ Family е SCOPE" Instruction Set 
€ State-of-the-Art 3.3-V ABT Design Supports - IEEE Standard 1149.1-1990 Required 
Mixed-Mode Signal Operation (5-V Input ' Instructions and Optional CLAMP and 
and Output Voltages With 3.3-V Мес) HIGHZ 


- Parallel-Signature Analysis at Inputs 


> -Support Unregulated Battery Operation - Pseudo-Random Pattern Generation 
Down to 2.7 V From Outputs 

9 Include D-Type Flip-Flops and Control - Sample Inputs/Toggle Outputs 
Transmission of Stored and Real-Time Data — Device Identification 

9 Bus Hold on Data Inputs Eliminates the | — Even-Parity Opcodes 
Need for External Pullup Resistors о Packaged in 64-Pin Plastic Thin Quad Flat 

© B-Port Outputs of 'LVTH182652A Devices (PM) Packages Using 0.5-mm 
Have Equivalent 25-O Series Resistors, So Center-to-Center Spacings and 68-Pin 
No External Resistors Are Required Ceramic Quad Flat (HV) Packages Using 

25-mil Center-to-Center Spacings 
description 


The 'LVTH18652A and 'LVTH182652A scan test devices with 18-bit bus transceivers and registers are 
members of the Texas Instruments SCOPE ™ testability integrated-circuit family. This family of devices supports 
IEEE Standard 1149.1-1990 boundary scan to facilitate testing of complex circuit-board assemblies. Scan 
access to the test circuitry is accomplished via the 4-wire test access port (TAP) interface. 


Additionally, these devices are designed specifically for low-voltage (3.3-V) Усс operation, but with the 
Capability to provide a TTL interface to a 5-V system environment. 


In the normal. mode, these devices are 18-bit bus transceivers and registers that allow for multiplexed 
transmission of data directly from the input bus or from the internal registers. They can be used either as two 
9-bit transceivers or one 18-bit transceiver. The test circuitry can be activated by the TAP to take snapshot 
samples of the data appearing at the device pins or to perform a self test on the boundary-test cells. Activating 
the TAP in the normal mode does not affect the functional operation of the SCOPE™ bus transceivers and 
registers. 


Data flow in each direction is controlled by clock (CLKAB and CLKBA), select (SAB and SBA), and 
output-enable (OEAB and OEBA) inputs. For A-to-B data flow, data on the A bus is clocked into the associated 
registers on the low-to-high transition of CLKAB. When SAB is low, real-time A data is selected for presentation 
to the B bus (transparent mode). When SAB is high, stored A data is selected for presentation to the B bus 
(registered mode). When OEAB is high, the B outputs are active. When OEAB is low, the B outputs are in the 
high-impedance state. 


Control for B-to-A data flow is similar to that for A-to-B data flow but uses CLKBA, SBA, and OEBA inputs. Since 
the OEBA input is active-low, the A outputs are active when OEBA is low and are in the high-impedance state 
when OEBAis high. Figure 1 illustrates the four fundamental bus-management functions that can be performed 
with the 'LVTH18652A and 'LVTH1826524A. 











SCOPE and Widebus are trademarks of Texas Instruments Inco porated. 
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description (continued) 


In the test mode, the normal operation of the SCOPE™ bus transceivers and registers is inhibited, and the test 
circuitry is enabled to observe and control the I/O boundary of the device. When enabled, the test circuitry 
performs boundary-scan test operations according to the protocol described in IEEE Standard 1149.1-1990. 


Four dedicated test pins are used to observe and control the operation of the test circuitry: test data input (TDI), 
test data output (TDO), test mode select (TMS), and test clock (TCK). Additionally, the test circuitry performs 
other testing functions such as parallel-signature analysis (PSA) on data inputs and pseudo-random pattern 
generation (PRPG) from data outputs. All testing and scan operations are synchronized to the TAP interface. 


Active bus-hold circuitry is provided to hold unused or floating data inputs at a valid logic level. 


The B-port outputs of 'LVTH1826524A, which are designed to source or sink up to 12 mA, include 25-0 series 
resistors to reduce overshoot and undershoot. 


The SN54LVTH18652A and SN54LVTH182652A are characterized for operation over the full military 
temperature range of -55°C to 125°C. The SN74LVTH18652A and SN74LVTH182652A are characterized for 
operation from —40°C to 85°C. 


SN54LVTH18652A, SN54LVTH182652A ... HV PACKAGE 


(TOP VIEW) 
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FUNCTION TABLE 
(normal mode, each 9-bit section) 


| < 
— ІНЕЛЕ > OPERATION OR FUNCTION 
OEAB  OEBA CLKAB СКВА SAB SBA A1-A9 B1-B9 


Input disabled Input disabled Isolation 
Input Input Store A and B data 
Input Unspecifiedt Store A, hold B 
Input Output Store A in both registers 
Unspecifiedt Input Hold A, store B 
Output Input Store B in both registers 
Output Input Real-time B data to A bus 
Output Input Stored B data to A bus 
Input Output Real-time A data to B bus 
Input Output Stored A data to B bus 


Stored A data to B bus and 
stored B data to A bus 


t The data-output functions can be enabled or disabled by a variety of level combinations at OEAB or OEBA. Data-input functions are always 
enabled; i.e., data at the bus pins is stored on every low-to-high transition on the clock inputs. 

+ Select control = L: clocks can occur simultaneously. 
Select control = H: clocks must be staggered to load both registers. 


- 
I 
- 
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OEAB OEBA CLKAB CLKBA SAB  SBA OEAB OEBA CLKAB CLKBA SAB 
L L x X X L H H X X L 
REAL-TIME TRANSFER REAL-TIME TRANSFER 
BUS B TO BUS A BUS ATO BUS B 


t 

o 

2 

tü 
OEAB OEBA CLKAB CLKBA ЗАВ SBA OEAB OEBA CLKAB CLKBA SAB 
X H T x X X H L X X H 
| š қ Ñ 3 ў TRANSFER STORED DATA 

TO A AND/OR В 


STORAGE FROM 
А, B, OR A AND B 


Figure 1. Bus-Management Functions 
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functional block diagram 
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Pin numbers shown are for the PM package. 
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Terminal Functions 


TERMINAL NAME DESCRIPTION 


Boe Normal-function A-bus /О ports. See function table for normal-mode logic. f 
1B1-1B9, ; А қ 
281-289 Normal-function B-bus I/O ports. See function table for normal-mode logic. 


1CLKAB, 1CLKBA, ; Е Р Я 
2CLKAB, 2CLKBA Normal-function clock inputs. See function table for normal-mode logic. 


По во | Ground 


1OEAB, 2OEAB Normal-function active-high output enables. See function table for normal-mode logic. An internal pulldown at each 
Е terminal will force the terminal to a low level! if left unconnected. 


10EBA 20 Normal-function active-low output enables. See function table for normal-mode logic. An internal pullup at each terminal 
will force the terminal to a high level if left unconnected. 


1SAB, 1SBA а ; | 
26АВ 2SBA Normal-function select controls. See function table for normal-mode logic. 


,2ОЕВА 

K Test clock. One of four terminals required by IEEE Standard 1149.1-1990. Test operations of the device are synchronous 
DI 

О 

5 

C 


























TCK. Data is captured on the rising edge of TCK and outputs change on the falling edge of TCK. 
T Test data input. One of four terminals required by IEEE Standard 1149.1-1990. TDI is the serial input for shifting data 
through the instruction register or selected data register. An internal pullup forces TDI to a high level if left unconnected. 
TD Test data output. One of four terminals required by IEEE Standard 1149.1-1990. TDO is the serial outputfor shifting data 
through the instruction register or selected data register. 
Test mode select. One of four terminals required by IEEE Standard 1149. 1-1990. TMS directs the device through its ТАР 


controller states. An internal pullup forces TMS to a high level if left unconnected. 


Supply voltage | 
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Serial-test information is conveyed by means of a 4-wire test bus or TAP that conforms to IEEE Standard 
1149.1-1990. Test instructions, test data, and test control signals all are passed along this serial-test bus. The 
TAP controller monitors two signals from the test bus, TCK and TMS. The TAP controller extracts the 
synchronization (TCK) and state contro! (TMS) signals from the test bus and generates the appropriate on-chip 
control signals for the test structures in the device. Figure 2 shows the TAP-controller state diagram. 


The TAP controller is fully synchronous to the TCK signal. Input data is captured on the rising edge of TCK and 
output data changes on the falling edge of TCK. This scheme ensures data to be captured is valid for fully 
one-half of the TCK cycle. 


The functional block diagram shows the IEEE Standard 1149.1-1990 4-wire test bus and boundary-scan 
architecture and the relationship among the test bus, the TAP controller, and the test registers. As shown, the 
device contains an 8-bit instruction register and four test-data registers: a 48-bit boundary-scan register, a 3-bit 
boundary-control register, a 1-bit bypass register, and a 32-bit device-identification register. 


Test-Logic-Reset < 






TMS = Н 












Run-Test/Idlo Select-IR-Scan 


- Select-DR-Scan 
Capture-DR 


TMS=L | TMS =L 


Capture-IR 








Pause-DR 
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The TAP controller is a synchronous finite state machine that provides test control signals throughout the device. 
The state diagram shown in Figure 2 is in accordance with IEEE Standard 1149.1-1990. The TAP controller 
proceeds through its states based on the level of TMS а the rising edge of TCK. 


` As shown, the TAP controller consists of 16 states. There are six stable states (indicated by a looping arrow in 
the state diagram) and ten unstable states. A stable state is defined as a state the TAP controller can retain for 
consecutive TCK cycles. Any state that does not meet this criterion is an unstable state. 


There are two main paths through the state diagram: one to access and control the selected data register and 
one to access and control the instruction register. Only one register can be accessed at a time. 


Test-Loglc-Reset 


The device powers up in the Test-Logic-Reset state. In the stable Test-Logic-Reset state, the test logic is reset 
and is disabled so that the normal logic function of the device is performed. The instruction register is reset to 
an opcode that selects the optional IDCODE instruction, if supported, or the BYPASS instruction. Certain data 
registers can also be reset to their power-up values. 


The state machine is constructed such that the TAP controller returns to the Test-Logic-Reset state in no more 
than five TCK cycles if TMS is left high. The TMS pin has an internal pullup resistor that forces it high if left 
unconnected or if a board defect causes it to be open circuited. 


For the 'LVTH18652A and 'LVTH1826524A, the instruction register is reset to the binary value 10000001, which 
selects the IDCODE instruction. Bits 47—46 in the boundary-scan register are reset to logic O while bits 45—44 
are reset to logic 1, ensuring that these cells, which control A-port and B-port outputs, are set to benign values 
(i.e., such that if test mode were invoked the outputs would be at high-impedance state). Reset values of other 
bits in the boundary-scan register should be considered indeterminate. The boundary-control register is reset 
to the binary value 010, which selects the PSA test operation. 


Run-Test/Idle 


The TAP controller must pass through the Run-Test/Idle state (from Test-Logic-Reset) before executing any test 
operations. The Run-Test/Idle state also can be entered following data-register or instruction-register scans. 
Run-Test/dle is a stable state in which the test logic can be actively running a test or can be idle. The test 
operations selected by the boundary-control register are performed while the TAP controller is in the 
Run-Test/ldle state. 


Select-DR-Scan, Select-IR-Scan 


No specific function is performed in the Select-DR-Scan and Select-IR-Scan states, and the TAP controller exits 
either of these states on the next TCK cycle. These states allow the selection of either data-register scan or 
instruction-register scan. 


Capture-DR 


When a data-register scan is selected, the TAP controller must pass through the Capture-DR state. In the 
Capture-DR state, the selected data register can capture a data value as specified by the current instruction. 
Such capture operations occur on the rising edge of TCK, upon which the TAP controller exits the Capture-DR 
state. 


Shift-DR 
Upon entry to the Shift-DR state, the data register is placed in the scan path between TDI and TDO, and on the 


first falling edge of TCK, TDO goes from the high-impedance state to an active state. TDO enables to the logic 
level present in the least-significant bit of the selected data register. 
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Shift-DR (continued) 


While in the stable Shift-DR state, data is serially shifted through the selected data register on each TCK cycle. 
The first shift occurs on the first rising edge of TCK after entry to the Shift-DR state (i.e., no shifting occurs during 
the TCK cycle in which the TAP controller changes from Capture-DR to Shift-DR or from Exit2-DR to Shift-DR). 
The last shift occurs on the rising edge of TCK, upon which the TAP controller exits the Shift-DR state. 


Exit1-DR, Exit2-DR 


The Exit1-DR and Exit2-DR states are temporary states that end a data-register scan. It is possible to return 
to the Shift-DR state from either Exit1-DR or Exit2-DR without recapturing the data register. On the first falling 
edge of ТСК after entry to Exit1-DR, ТОО goes from the active state to the high-impedance state. 


Pause-DR 


No specific function is performed in the stable Pause-DR state, in which the TAP controller can remain 
indefinitely. The Pause-DR state suspends and resumes data-register scan operations without loss of data. 


Update-DR - 


If the current instruction calls for the selected data register to be updated with current data, such update occurs 
on the falling edge of TCK, following entry to the Update-DR state. 


Capture-IR 


When an instruction-register scan is selected, the TAP controller must pass through the Capture-IR state. In 
the Capture-IR state, the instruction register captures its current status value. This capture operation occurs 
on the rising edge of ТСК, upon which the TAP controller exits the Capture-IR state. For the ’LVTH18652A and 
'LVTH1826524A, the status value loaded in the Capture-IR state is the fixed binary value 10000001. 


Shift-IR 


Upon entry to the Shift-IR state, the instruction register is placed in the scan path between TDI and TDO, and 
on the first falling edge of TCK, TDO goes from the high-impedance state to the active state. TDO enables to 
the logic level present in the least-significant bit of the instruction register. | 


While in the stable Shift-IR state, instruction data is serially shifted through the instruction register on each TCK 
cycle. The first shift occurs on the first rising edge of TCK after entry to the Shift-IR state (i.e., no shifting occurs 
during the TCK cycle in which the TAP controller changes from Capture-IR to Shift-IR or from Exit2-IR to 
Shift-IR). The last shift occurs on the rising edge of TCK, upon which the TAP controller exits the Shift-IR state. 


Exit1-IR, Exit2-IR 


The Exit1-IR and Exit2-IR states are temporary states that end an instruction-register scan. It is possible to 
return to the Shift-IR state from either Exitt-IR or Exit2-IR without recapturing the instruction register. On the 
first falling edge of TCK after entry to Exit1-IR, TDO goes from the active state to the high-impedance state. 


Pause-IR 


No specific function is performed in the stable Pause-IR state, in which the TAP controller can remain 
indefinitely. The Pause-IR state suspends and resumes instruction-register scan operations without loss of 
data. 


Update-IR 


The current instruction is updated and takes effect on the falling edge of TCK, following entry to the Update-IR 
state. 
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register overview 


With the exception of the bypass and device-identification registers, any test register can be thought of as a 
serial-shift register with a shadow latch on each bit. The bypass and device identification registers differ in that 
they contain only a shift register. During the appropriate capture state (Capture-IR for instruction register, 
Capture-DR for data registers), the shift register can be parallel loaded from a source specified by the current 
instruction. During the appropriate shift state (Shift-IR or Shift-DR), the contents of the shift register are shifted 
out from TDO while new contents are shifted in at TDI. During the appropriate update state (Update-IR or 
Update-DR), the shadow latches are updated from the shift register. 


instruction register description 


The instruction register (IR) is eight bits long and tells the device what instruction is to be executed. Information 
contained in the instruction includes the mode of operation (either normal mode, in which the device performs 
its normal logic function, ortest mode, in which the normal logic function is inhibited or altered), the test operation 
to be performed, which of the four data registers is to be selected for inclusion in the scan path during 
data-register scans, and the source of data to be captured into the selected data register during Capture-DR. 


: Table 3 lists the instructions supported by the 'LVTH18652A and 'LVTH182652A. The even-parity feature 


specified for SCOPE™ devices is supported in this device. Bit 7 of the instruction opcode is the parity bit. Any 
instructions that are defined for SCOPE™ devices but are not supported by this device default to BYPASS. 


During Capture-IR, the IR captures the binary value 10000001. As an instruction is shifted in, this value is shifted 
out ма ТОО and can be inspected as verification that the IR is іп the scan path. During Update-IR, the value 
that has been shifted into the IR is loaded into shadow latches. At this time, the current instruction is updated 
and any specified mode change takes effect. At power up or in the Test-Logic-Reset state, the IR is reset to the 
binary value 10000001, which selects the IDCODE instruction. The IR order of scan is shown in Figure 3. 


Bit 7 
Bit 0 
mde ete H e bh ep Fe e Р Да | = 


7-144 


Figure 3. Instruction Register Order of Scan 
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data register description 


boundary-scan register 

The boundary-scan register (BSR) is 48 bits long. It contains one boundary-scan cell (BSC) for each 
normal-function input pin and one BSC for each normal-function ИО pin (one single cell for both input data and 
output data). The BSR is used 1) to store test data that is to be applied externally to the device output pins, 
and/or 2) to capture data that appears internally at the outputs of the normal on-chip logic and/or externally at 
the device input pins. 

The source of data to be captured into the BSR during Capture-DR is determined by the current instruction. The 
contents of the BSR can change during Run-Test/Idle, as determined by the current instruction. At power up 
or in Test-Logic-Reset, BSCs 47-46 are reset to logic 0 while BSCs 45—44 are reset to logic 1, ensuring that 
these cells, which control A-port and B-port outputs, are set to benign values (i.e., if test mode were invoked 
the outputs would be at high-impedance state). Reset values of other BSCs should be considered 
indeterminate. 


The BSR order of scan is from TDI through bits 47-0 to ТОО. Table 1 shows the BSR bits and their associated 
device pin signals. 


Table 1. Boundary-Scan Register Configuration 


NUMBER SIGNAL NUMBER SIGNAL NUMBER SIGNAL 
в [| в | м | zo | № | 2° | 
в | м | s | оо [в | 2870 | 
Г | io —| s | ze [м [| 2060 | 
[ « | юж [з [жю | в — | вю | 
= [ue | | zuo [в | 24 | 
ока | 2 [это [п | вю | 
Го | юм [в | оно [ ю [| 2820 | 
ИМ не Пт | zo | s | 2 | 
С | мю [в | вю 
[25 | мю [т | вю 
“аи [taro БЕН БЕНЕН ШЕКТІ; 
[| мю | 5 | 18900 
T E 
Em 










18510 
189410 
пао | —2 | вю | 
[ею [1 | вю | 
Parvo | 0 | вю | 
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boundary-control register 


The boundary-control register (BCR) is three bits long. The BCR is used in the context of the RUNT instruction 
to implement additional test operations not included in the basic SCOPE"" instruction set. Such operations 
include PRPG, PSA, and binary count up (COUNT). Table 4 shows the test operations that are decoded by the 
BCR. 


During Capture-DR, the contents of the BCR are not changed. At power up or in Test-Logic-Reset, the BCR is 
reset to the binary value 010, which selects the PSA test operation. The BCR order of scan is shown in 
Figure 4. | 


то! TDO 





Figure 4. Boundary-Control Register Order of Scan 


bypass register 


7-146 


The bypass register is a 1-bit scan path that can be selected to shorten the length of the system scan path, 
reducing the number of bits per test pattern that must be applied to complete a test operation. During 
Capture-DR, the bypass register captures a logic 0. The bypass register order of scan is shown in 
Figure 5. 


TDI TDO 


Figure 5. Bypass Register Order of Scan 
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device-identification register 


The device-identification register (IDR) is 32 bits long. It can be selected and read to identify the manufacturer, 
part number, and version of this device. 


For the 'LVTH18652A, the binary value 00100000000000011111000000101111 (2001F02F, hex) is captured 
(during Capture-DR state) in the device-identification register to identify this device as Texas Instruments 
SN54/74LVTH18652A. 


For the 'LVTH182652A, the binary value 00100000000000100100000000101111 (2002402F, hex) is captured 


(during Capture-DR state) in the device-identification register to identify this device as Texas Instruments 
SN54/74LVTH182652A. 


The device-identification register order of scan is from TDI through bits 31—0 to TDO. Table 2 shows the 
device-identification register bits and their significance. 


Table 2. Device-Identification Register Configuration 


NUMBER SIGNIFICANCE NUMBER SIGNIFICANCE NUMBER SIGNIFICANCE 
Г = | умов | = | РАТМОМВЕМЕ | м | МАМОРАСТОНЕРТО | 
[о | ую — | 2 | PARTNUMBER | 10 [| MANUFACTUREROGT_| 
[= | ужом | 5 | РАтмомвениз | o | MANUFACTUREROEF | 
[2 | versiono — | м | PARTNUMBER | 8 | MANUFACTUREROTT | 
[25 | равтмомвени | 7 | MANUFACTUREROGT 
[2 | Рантмомвено | 6 | MANUFACTUREROST 
[= | ваптиомвеяоз | 5 | MANUFACTUREROsT 
[20 | раатмомвевов | 4 — | MANUFACTUREROST 
MANUFACTUREROGÉ 
[в | PARTNUMBEROS | —2 [ MANUFACTUREROTT 
ВЕТВИ Серен 
mama al 
ere 
— 
ШЕГЕН a 









MANUFACTUREROOT 
108011 


T Note that for TI products, bits 11-0 of the device-identification register always contain the binary value 000000101111 
(02Е, hex). 
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instruction-register opcode description 


The instruction-register opcodes are shown in Table 3. The following descriptions detail the operation of each 
instruction. 


Table 3. Instruction-Register Opcodes 


BINARY CODET 
BIT 7 — BIT 0 SCOPE OPCODE DESCRIPTION SELEOTED DATA 
REGISTER 
MSB — LSB 


оооп | Svesst | — — Әле | — Әз | Мота | 
[оо [БҮР — | — Sypassscan | вураз | Noma | 
[оо | ве | мены | Eas — | пота __ 
SCANCT 
ByPass — | — Bypasssean ______ Byes | Noma | 


t Bit 7 is used to maintain even parity in the 8-bit instruction. 
+ The BYPASS instruction is executed in lieu of a SCOPE" instruction that is not supported іп the 'LVT18652 or 'LVT182652. 






















boundary scan 


This instruction conforms to the IEEE Standard 1149.1-1990 EXTEST instruction. The BSR is selected in the 
scan path. Data appearing at the device input and /О pins is captured in the associated BSCs. Data that has 
been scanned into the I/O BSCs for pins in the output mode is applied to the device I/O pins. Data present at 
the device pins, except for output enables, is passed through the BSCs to the normal on-chip logic. For I/O pins, 
the operation of a pin as input or output is determined by the contents of the output-enable BSCs (bits 47-44 
of the BSR). When a given output enable is active (logic 0 for OEBA, logic 1 for OEAB), the associated I/O pins 
operate in the output mode. Otherwise, the I/O pins operate in the input mode. The device operates іп the test 
mode. 





identification read 


This instruction conforms to the IEEE Standard 1149.1-1990 IDCODE instruction. The device identification 
register is selected in the scan path. The device operates in the normal mode. 


sample boundary 


This instruction conforms to the IEEE Standard 1149.1-1990 SAMPLE/PRELOAD instruction. The BSR is 
selected in the scan path. Data appearing at the device input pins and I/O pins in the input mode is captured 
in the associated BSCs, while data appearing at the outputs of the normal on-chip logic is captured in the BSCs 
associated with I/O pins in the output mode. The device operates in the normal mode. 
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bypass scan 


This instruction conforms to the IEEE Standard 1149.1-1990 BYPASS instruction. The bypass register is 
selected in the scan path. A logic 0 value is captured in the bypass register during Capture-DR. The device 
operates in the normal mode. 


control boundary to high impedance 


This instruction conforms to the IEEE Standard 1149.1a-1993 HIGHZ instruction. The bypass register is 
selected in the scan path. A logic O value is captured in the bypass register during Capture-DR. The device 
operates in a modified test mode in which all device ИО pins are placed in the high-impedance state, the device 
input pins remain operational, and the normal on-chip logic function is performed. 


control boundary to 1/0 


This instruction conforms to the IEEE Standard 1149.1a-1993 CLAMP instruction. The bypass register is 
selected in the scan path. A logic 0 value is captured in the bypass register during Capture-DR. Data in the I/O 
BSCs for pins in the output mode is applied to the device I/O pins. The device operates in the test mode. 


boundary-run test 


The bypass register is selected in the scan path. A logic 0 value is captured in the bypass register during 
Capture-DR. The device operates in the test mode. The test operation specified in the BCR is executed during 
Run-Test/Idle. The five test operations decoded by the BCR are: sample inputs/toggle outputs (TOPSIP), 
PRPG, PSA, simultaneous PSA and PRPG (PSA/PRPG), and simultaneous PSA and binary count up 
(PSA/COUNT). 


boundary read 


The BSR is selected in the scan path. The value in the BSR remains unchanged during Capture-DR. This 
instruction is useful for inspecting data after a PSA operation. 


boundary self test 


The BSR is selected in the scan path. All BSCs capture the inverse of their current values during Capture-DR. 
In this way, the contents of the shadow latches can be read out to verify the integrity of both shift-register and 
shadow-latch elements of the BSR. The device operates in the normal mode. 


boundary toggle outputs 


The bypass register is selected in the scan path. A logic 0 value is captured in the bypass register during 
Capture-DR. Data in the shift-register elements of the selected output-mode BSCs is toggled on each rising 
edge of TCK in Run-Test/ldle and is then updated in the shadow latches and applied to the associated device 
I/O pins on each falling edge of ТСК in Run-Test/Idle. Data in the input-mode BSCs remains constant. Data 
appearing at the device input or I/O pins is not captured in the input-mode BSCs. The device operates in the 
test mode. 


boundary-control-register scan 


The BCR is selected in the scan path. The value in the BCR remains unchanged during Capture-DR. This 
operation must be performed before a boundary-run test operation to specify which test operation is to be 
executed. 
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boundary-control-register opcode description 


The BCR opcodes are decoded from BCR bits 2-0 as shown in Table 4. The selected test operation is performed 
while the RUNT instruction is executed in the Run-Test/Idle state. The following descriptions detail the operation 
of each BCR instruction and illustrate the associated PSA and PRPG algorithms. 


Table 4. Boundary-Control Register Opcodes 


BINARY CODE 
BIT 2 > BIT 0 DESCRIPTION 
MSB — LSB 
Sample inputs/toggle outputs (TOPSIP) 
Pseudo-random pattern generation/36-bit mode (PRPG) 


| 
| | 
— Ts | 






Simultaneous PSA and PRPG/18-bit mode (PSA/PRPG) 
Simultaneous PSA and binary count up/18-bit mode (PSA/COUNT) 


While the control input BSCs (bits 47—36) are not included in the toggle, PSA, PRPG, or COUNT algorithms, 
the output-enable BSCs (bits 47-44 of the BSR) control the drive state (active or high impedance) of the selected 
device output pins. These BCR instructions are only valid when both bytes of the device are operating in one 
direction of data flow (that is, ТОЕАВ = 1OEBA and 2OEAB = 2ОЕВА) and in the same direction of data flow 
(that is, 1OEAB = 2ОЕАВ and 1ОЕВА = 2ОЕВА). Otherwise, the bypass instruction is operated. 














sample Inputs/toggle outputs (TOPSIP) 


Data appearing at the selected device input-mode ИО pins is captured in the shift-register elements of the 
associated BSCs on each rising edge of TCK. Data in the shift-register elements of the selected output-mode 
BSCs is toggled on each rising edge of TCK, updated in the shadow latches, and applied to the associated 
device I/O pins on each falling edge of TCK. 
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pseudo-random pattern generation (PRPG) 


A pseudo-random pattern is generated in the shift-register elements of the selected BSCs on each rising edge 
of ТСК, updated in the shadow latches, and applied to the associated device output-mode I/O pins on each 
falling edge of TCK. Figures 6 and 7 illustrate the 36-bit linear-feedback shift-register algorithms through which 
the patterns are generated. An initial seed value should be scanned into the BSR prior to performing this 
operation. A seed value of all zeroes will not produce additional patterns. 


2А9-/0 2А8-/0 2А7-/0 2А6-/0 2А5-/О 2A4-1/0 |. 2A3-l/O 2А2-/О 2А1-/О 









1А9-/0 1А8-/0  1A7-/O 1А6-/О 1А5/0 1А4-/О  ТАЗ-УО  1A2-I/O  1A1-Il/O 


Mu Inc pi! p! pp! p! 







2B9-/O 2В8-/0 2В7-/0  2B6-/O  2B5-/O 28400  2B3-/O  2B2-/O 281-/0 


© | J > 1B9-/0 1B8-/O 187-10  1B6-/O  1B5-/O  1B4-/O  1B3-/O  1B2-/O 1В1-/0 


Figure 6. 36-Bit PRPG Configuration (1OEAB = 20ЕАВ = 1, 10EBA = 2OEBA = 1) 
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2B9-/O  2B8-/O 287-/0 286-/0  2B5-/O 284/0  2B3-/O 282-/0  2B1-l/O 


1В9-/0  1B8-/O  1B7-/O  1B6-/O  1B5-/O 1В4-/О  1B3-/O  1B2-/O 1В1-/О 





e | J > 1A9-/O 1А8-/0 1А7-/0 A 1A6-l/O 1А5-/0 1А4-/О  1A3-/O  1A2-/O 1А1-/0 
Figure 7. 36-ВИ PRPG Configuration (1OEAB = 20EAB = 0, 1ОЕВА = 20EBA = 0) 
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parallel-signature analysis (PSA) 


Data appearing at the selected device input-mode I/O pins is compressed into a 36-bit parallel signature in the 
shift-register elements of the selected BSCs on each rising edge of TCK. Data in the shadow latches of the 
selected output-mode BSCs remains constant and is applied to the associated device I/O pins. Figures 8 and 9 
illustrate the 36-bit linear-feedback shift-register algorithms through which the signature is generated. An initial 
seed value should be scanned into the BSR before performing this operation. 


2A9-/O 2А8-/0 2А7-/0  2A6-/O  2A5-/O 2А4-/0 2A3-/O 2А2-/0 2А1-ИО 








1A9-I/O 1A7-/O 1А6-//О 1A5-/0 1ҮА4-/О 1А3-/0  1A2-/O 1Ү1-/О 


Peeve) 
КЛИ 


1А8-/О 





1В9-/0 1B8-/O 1B7-/O  1B6-/O 1B5-/O  1B4-/O  1B3-/O  1B2-/O 1В1-/О 


Figure 8. 36-Bit PSA Configuration (1ОЕАВ = 20ЕАВ = 1, 10EBA = 20ЕВА = 1) 
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2B9-/O  2B8-/O  2B7-/O 286-/0  2B5-/O 284/0 283-10  2B2-/O 2В1-/О 







1B9-/O  1B8-l/O  1B7-/O  1B6-/O  1B5-/O 1В4-/О  1B3-/O  1B2-/O 1В1-/О 


МАЕ 
LI LI LI LI LI LI LP 





@ = J > 1A9-/O  1A8-/O  1AT-/O 1А6-/0 1А5-/0  1A4/O 1А3-/0 1А2-/0 1А1-/О 


Figure 9. 36-Bit PSA Configuration (1OEAB = 20EAB = 0, 10EBA = 2ОЕВА = 0) 
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simultaneous PSA and PRPG (PSA/PRPG) 


Data appearing at the selected device input-mode I/O pins is compressed into an 18-bit parallel signature іп 
the shift-register elements of the selected input-mode BSCs on each rising edge of TCK. At the same time, an 
18-bit pseudo-random pattern is generated in the shift-register elements of the selected output-mode BSCs on 
each rising edge of TCK, updated in the shadow latches, and applied to the associated device I/O pins on each 
falling edge of TCK. Figures 10 and 11 illustrate the 18-bit linear-feedback shift-register algorithms through 
which the signature and patterns are generated. An initial seed value should be scanned into the BSR before 
performing this operation. A seed value of all zeroes will not produce additional patterns. 


2A9-/O 2А8-/О 2А7-/0 2А6-/0 2А5-/О  2A4-/O  2A3-/O 2А2-/0 2А1-/О 


1А9-/О  1A8-l//O  1A7-l//O 1А6-/0 





1B9-/O  1B8-/O  1B7-/O  1B6-/O  1B5-/O 1840  1B3-/O  1B2-/O 1В1-/О 


Figure 10. 18-Bit PSA/PRPG Configuration (1ОЕАВ = 2OEAB = 1, 1ОЕВА = 2ОЕВА = 1) 
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2B9-/O  2B8-/O 287-/0  2B6-/O  2B5-/O 284-10  2B3-/O  2B2-/O 2В1-/О 





1А9-/0  1A8-/O 1А7-/О 1А6-/0 1А5-/0 1А4/0 Л1АЗ-/О  1A2-/O 1А1-/0 


Figure 11. 18-Bit PSA/PRPG Configuration (1OEAB = 2ОЕАВ = 0, 10EBA = 20ЕВА = 0) 
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simultaneous PSA and any count up (PSA/COUNT) 


Data appearing at the selected device input-mode ИО pins is compressed into an 18-bit parallel signature in 
the shift-register elements of the selected input-mode BSCs on each rising edge of TCK. At the same time, an 
18-bit binary count-up pattern is generated in the shift-register elements of the selected output-mode BSCs on 
each rising edge of TCK, updated in the shadow latches, and applied to the associated device !/O pins on each 
falling edge of TCK. Figures 12 and 13 illustrate the 18-bit linear-feedback shift-register algorithms through 
which the signature is generated. An initial seed value should be scanned into the BSR before performing this 
operation. 


2A9-/O  2A8-/O 2A7-I/0 2А6-/0 2А5-ИО 2А4-/0 3 2A3-/O  2A2-/O 2А1-/0 


149-/0 1А8-/О 1ҮА7-/0 1А6-/0 1А5-/0 1A41/0 1АЗ-/О 1ҮА2-/О  1A1-I/O 





MSB 


ши 


289-/0  2B8-/O  2B7-/O  2B6-/O  2B5-/O  2B4-/O 283-/0 282-/0 281-/0 


5^0 000000004 


(©) -) > 1B9-/O 1В8-/О 187-/0  1B6-/O  1B5-/O 1В4-/0  1B3-/O 182-/0 1В1-/О 


Figure 12. 18-Bit PSA/COUNT Configuration (1OEAB = 2ОЕАВ = 1, 1OEBA = 20EBA = 1) 
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2B9-/O 2880/0 2В7-/0  2B6-/O  2B5-/O 2В4-/0 283-00 282-/0 2В1-/О 


1В9-/0 1В8-/0 1В7-/О  1B6-/O  1B5-/O 1840  1B3-/O  1B2-/O  1B1-l/O 





я 


2A9-/O 2А8-/О 2А7-/0 2А6-/0 2А5-/0 2А4-/О 2А3-/0  2A2-/O 2А1-/О 


арр 


1А9-/О 1А8-/О 1А7-/О 1А6-/О 1ҮА5-/О 1А4-/0 1АЗ-/О 1А2-/О 1А1-/О 





Figure 13. 18-Bit PSA/COUNT Configuration (1ОЕАВ = 2ОЕАВ = 0, 1ОЕВА = 2ОЕВА = 0) 
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All test operations ofthe 'LVTH18652A and'LVTH1826524A are synchronous to the ТСК signal. Data on the TDI, 
TMS, and normal-function inputs is captured on the rising edge of TCK. Data appears on the TDO and 
normal-function output pins on the falling edge of TCK. The TAP controller is advanced through its states (as 
shown in Figure 2) by changing the value of TMS on the falling edge of TCK and then applying a rising edge 
to TCK. 


A simple timing example is shown in Figure 14. In this example, the TAP controller begins in the 
Test-Logic-Reset state and 15 advanced through its states as necessary to perform one instruction-register scan 
and one data-register scan. While in the Shift-IR and Shift-DR states, TDI is used to input serial data, and ТОО 
is used to output serial data. The TAP controller is then returned to the Test-Logic-Reset state. Table 5 explains 
the operation of the test circuitry during each TCK cycle. 


Table 5. Explanation of Timing Example 


TOK TAP STATE 
CYCLE(S) | AFTER ТСК DESCRIPTION 
: ‘TMS is changed to а logic 0 value on the falling edge of TCK to begin advancing the TAP controller toward 


иы» | — — 
басови | — — —— _  _  — И 


| 2 
ar mami 
| 4 | Select-IR-Scan 










Capture-IR The IR captures the 8-bit binary value 10000001 on the rising edge of TCK as the TAP controller exits the 


Ü Capture-IR state. 
Shift-IR 
R 













on the rising edge of TCK as the TAP controller advances to the next state. 
One bit is shifted into the IR on each TCK rising edge. With TDI held at a logic 1 value, the 8-bit binary value 
11111111 is serially scannedintothe IR. Atthe same time, the 8-bit binary value 10000001 is serially scanned 
Exit1-IR TDO becomes inactive (goes to the high-impedance state) on the falling edge of TCK. 
| 1 | Update-IR The IR is updated with the new instruction (BYPASS) on the falling edge of TCK. 
зер | 
17 


ы ТОО becomes active and TDI is made valid on the falling edge of ТСК. The first bit is shifted into the ТАР 

7-13 Shift-l р А и 
out of the IR ма TDO. In TCK cycle 13, TMS is changed to a logic 1 value to end the IR scan on Ше next 
EN Capture-DR The bypass register captures a logic 0 value on the rising edge of TCK as the TAP controller exits the 


TCK cycle. The last bit of the instruction is shifted as the TAP controller advances from Shift-IR to Exit1-IR. 
Capture-DR state. 


Shift-DR TDO becomes active and TDI is made valid on the falling edge of TCK. The first bit is shifted into the TAP 








on the rising edge of TCK as the TAP controller advances to the next state. 


[19-20 | әйнон | The binary value TOT s shied in via TDI, while the binary value 010 is shitedoutvia TDO. | 
> | Орден” | tn general, ne selected data register is updated wih the new data on the faling edge TOK. | 
Оз | бави пп 
“з | вени [SS 
[25 | Test-LogioReset | Testoperaionconpted тъ 
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 





TMS | | | | | | | 
тр! ) 
TDO 
^ Ф с с tc c с tt tc с с с > 
8 | > | 5 3 5 Е Е + Š a сі о |о|5 3 8 
859818 Е Е + ор = 5181919 е 
ТАР бо |о | Е |Е 5 Ф ПИБ Е г хш) 
> T |0|2| 5 о јаја o ulsailalizig 
Controller g c РЈ olo 214 9 >< ° е 
зае | 1 |2 | 8 3 217 5 8 |= 
o о 
£| |8 3 3|9|$ 


ЕЯ 3-State (ТОО) or Don't Care (TDI) 


Figure 14. Timing Example 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 


Supply voltage range, Усс ....................................... ТОУ ght lar Т —0.5 V to 4.6 V 
Input voltage range, VI (see Note 1) .................................................. -0.5 Vto7 V 
Voltage range applied to any output in the high state or power-off state, Vo (see Note 1) .... —0.5 V to 7 V 
Current into any output in the low state, lo: SN54LVTH18652A ................................ 96 mA 
SN54LVTH182652A (А port or ТОО) ................. 96 mA 

SN54LVTH182652A (В рой) ........................ 30 mA 

SN74LVTH18652A ............................... . 128 mA 

SN74LVTH182652A (A port or ТОО) ................ 128 mA 

SN74LVTH182652A (B рой) ........................ 30 mA 

Current into any output in the high state, lọ (see Note 2): SNB4LVTH18652A .................... 48 mA 
SN54LVTH182652A (A port or TDO) .... 48mA 

SN54LVTH182652A (B port) ........... 30 mA 

5М741УТН18652А .................... 64 mA 

SN74LVTH182652A (A port ог ТОО) .... 64 тА 

SN74LVTH182652A (B рой) ........... 30 mA 

Input clamp current, Inc (Vp O) ........................................................... -50 mA 
Output clamp current, lok (Vo <0) a aci eere нара EUNT KP Aa aA UE ad as а а канате -50 mA 
Maximum power dissipation at TA = 55°C (in still air) (see Note 3): PM package .................... 1W 
Storage temperature range, Тај -. «е нееененнаннанаинононанана e hene -65%С to 150°C 


t Stresses beyondthose listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 


functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 


7-160 


NOTES: 1. The input and output negative-voltage ratings can be exceeded if the input and output clamp-current ratings are observed. 


2. This current will only flow when the output is in the high state and Мо > Vcc. 

3. The maximum package power dissipation is calculated using a junction temperature of 150°C and a board trace length of 75 mils. 
For more information, referto the Package Thermal Considerations application note in the ABT Advanced BiCMOS Technology Data 
Book, literature number SCBD002. 
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recommended operating conditions 


Усс 
Мн 
VIL 
VI 
Іон 
IOL 
01 
At/Av 
TA 


Supply voltage 

High-level input voltage 

Low-level input voltage 

Input voltage 

High-level output current 

Low-level output current | 
Low-level output current 


Input transition rise or fall rate Outputs enabled 





Operating free-air temperature 


t Current duty cycle < 50%, f 2 1 kHz 


5 


7 
eee) eee 
ПОЕНИ: 232j 


SN54LVTH18652A | SN74LVTH18652A 
m 
m 
m 


NIT 
V 
V 
V 
V 
A 
A 
A 


125 


+5 
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[ VK _|Voo=27V, Is 18 mA Lael РР У | 
Усс -MIN to MAX, lod = =100 БА 
Усс = 277, ОН = mA сал Оз es 
Уон | v 
Veo - 8 ОЕ У | 2 ООО 
О ООО ООО ООО 
а 02 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) (see Note 4) 
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T All typical values are at Voc = 3.3 V, ТА = 25°С. 

+ For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
5 Unused pins at Усс or GND | 

Ч The parameter li (hold) includes the off-state output leakage current. 

# This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND. 
NOTE 4: Product preview specifications are design goals only and are subject to change without notice. 
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timing requirements over recommended operating free-air temperature range (unless otherwise 
noted) (normal mode) (see Note 4 and Figure 15) 
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timing requirements over recommended operating free-air temperature range (unless otherwise 
noted) (test mode) (see Note 4 and Figure 15) 
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NOTE 4: Product preview specifications are design goals only and are subject to change without notice. 
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switching characteristics over recommended operating free-air temperature range (unless 
otherwise гаса (normal mode) (see Note 4 and Figure 15) 
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switching characteristics over recommended operating free-air temperature range (unless 
otherwise noted) (test mode) (see Note 4 and Figure 15) 
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NOTE 4: Product preview specifications are design goals only and are subject to change without notice. 





35 TEXAS 
INSTRUMENTS 


7-164 POST OFFICE BOX 655303 Ф DALLAS, TEXAS 75265 


SN54LVTH18652A, SN54LVTH182652A, SN74LVTH18652A, SN74LVTH182652A 
3.3-V ABT SCAN TEST DEVICES 
WITH 18-BIT TRANSCEIVERS AND REGISTERS 


SCBS312B – MARCH 1994 — REVISED JULY 1996 





recommended operating conditions 
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T Current duty cycle < 5096, f > 1 kHz 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) (see Note 4) 
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T All typical values are at Voc = 3.3 V, ТА = 25°C. 

+ For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
$ Unused pins at Vcc or GND 

f The parameter li(hold) includes the off-state output current. 

# This is the increase in supply current for each input that is at the specified TTL voltage level rather than Voc or GND. 
NOTE 4: Product preview specifications are design goals only and are subject to change without notice. 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) (see Note 4) 
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t All typical values are at Voc = 3.3 V, ТА = 25°C. 
NOTE 4: Product preview specifications are design goals only and are subject to change without notice. 





timing requirements over recommended operating free-air temperature range (unless otherwise 
noted) (normal mode) (see Note 4 and Figure 15) 
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timing requirements over recommended operating free-air temperature range (unless otherwise 
noted) (test mode) (see Note 4 and Figure 15) 


BERN с (зең a Ген 


Усс = 3.3 V Е Усс = 3.3 V и 















сос бони [к | Ген 
ww Риво duration _| TOK high oro түт EC = ы 





TDI before TCKT 
TMS before TOKT ee p 


A, B, CLK, OEAB, OEBA or S 
| after TCKT | 
нз Гтойвпонток? ПАЈЕ Sea I БЕР ПЕСЕН 
| ns | 


A, B, CLK, OEAB, OEBA or S 
before TCKT 
Ser, АРАУ ЕККЕН ЕНБЕК КЕТЕРІ 






тиз after TOKT ee = 
Delay ime | Power upto TOK ppm ERE 
uem Е i = 


NOTE 4: Product preview specifications are design goals only and are subject to change without notice. 
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switching characteristics over recommended operating free-air temperature range (unless 
otherwise noted) (normal mode) (see Note 4 and Figure 15) 
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switching characteristics over recommended operating free-air temperature range (unless 
otherwise noted) (test mode) (see Note 4 and Figure 15) 
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NOTE 4: Product preview specifications are design goals only and are subject to change without notice. 
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PARAMETER MEASUREMENT INFORMATION 
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Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 
C. Allinput pulses are supplied by generators having the following characteristics: РАВ < 10 MHz, Zo = 50 О, tp < 2.5 ns, {< 2.5 ns. 
D. The outputs are measured one at a time with one transition per measurement. 
Figure 15. Load Circuit and Voltage Waveforms 
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Members of Texas Instruments Broad SN54LVT8980 . .. JT PACKAGE 
Family of Testability Products Supporting SN741VT8980.. . DW PACKAGE 
IEEE Std 1149.1-1990 (JTAG) Test Access (TOP VIEW) 

Port (TAP) and Boundary-Scan Architecture 


€ Provide Built-In Access to IEEE Std 1149.1 
Scan-Accessible Test/Maintenance 
Facilities at Board and System Levels 


9 While Powered at 3.3 V, the TAP Interface is 
Fully 5-V Tolerant for Mastering Both 5-V 
and/or 3.3-V IEEE Std 1149.1 Targets 


€ Simple Interface to Low-Cost 3.3-V 
Microprocessors/Microcontrollers Via 8-Bit 
Asynchronous Read/Write Data Bus 

© Easy Programming Ма Scan-Level 
Command Set and Smart TAP Control 

© Transparently Generate Protocols to 
Support Multidrop TAP Configurations SN54LVT8980. . . FK PACKAGE 
Using Tl’s Addressable Scan Port ШІ; VIEW) 

@ Flexible TCK Generator Provides 
Programmable Division, Gated-TCK, and 
Free-Running-TCK Modes 

9 Discrete TAP Control Mode Supports 
Arbitrary TMS/TDI Sequences for 
Non-Compliant Targets 

€ Programmable 32-Bit Test Cycle Counter 
Allows Virtually Unlimited Scan/Test Length 

€ Accommodate Target Retiming (Pipeline) 
Delays of Up to 15 TCK Cycles 

€ Test Output Enable (TOE) Allows for 
External Control of TAP Signals 

ә High-Drive Outputs (-32-mA Іон, 
64-mA loj) at TAP Support Backplane NC - No internal connection 
Interface and/or High Fanout 

€ Package Options Include Plastic Small- 

Outline Packages (DW), Ceramic Chip 
Carriers (FK), and Ceramic 300-mil DIPs (JT) 








description 


The 'LVT8980 embedded test-bus controllers (eTBC) are members of Texas Instruments broad family of 
testability integrated circuits. This family of devices supports IEEE Standard 1149.1-1990 boundary scan to 
facilitate testing of complex circuit assemblies. Unlike most other devices of this family, the eTBC is not a 
boundary-scannable device; rather, its function is to master an IEEE Std 1149.1 (JTAG) test access port (TAP) 
under the command of an embedded host microprocessor/microcontroller. Thus, the eTBC enables the 
practical and effective use of the IEEE Std 1149.1 test-access infrastructure to support embedded/built-in test, 
emulation, and configuration/maintenance facilities at board and system levels. 
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description (continued) 


The eTBC masters all TAP signals required to support one 4- or 5-wire IEEE Std 1149.1 serial test bus — test 
clock (TCK), test mode select (TMS), test data input (TDI), test data output (TDO), and test reset (TRST). All 
such signals can be connected directly to the associated target IEEE Std 1149.1 devices without need for 
additional logic or buffering. However, as well as being directly connected, the TMS, TDI, and TDO signals can 
be connected to distant target IEEE Std 1149.1 devices via a pipeline, with a retiming delay of up to 15 TCK 
cycles; the eTBC automatically handles all associated serial-data justification. 





Conceptually, the eTBC operates as a simple 8-bit memory- or /О- mapped peripheral to а 
microprocessor/microcontroller (host). High-level commands and parallel data are passed to/from the eTBC via 
its generic host interface, which includes ап 8-bit data bus (27-00) and a 3-bit address bus (А2-А0). Read/write 
select (R/W) and strobe (STRB) signals are implemented so that the critical host-interface timing is independent 
of the CLKIN period. An asynchronous ready (RDY) indicator is provided to hold off, or insert wait states into, 
a host read/write cycle when the eTBC cannot respond immediately to the requested read/write operation. 





High-level commands are issued by the host to cause the eTBC to generate the TMS sequences necessary 
to move the test bus from any stable TAP-controller state to any other such stable state, to scan instruction or 
data through test registers in target devices, and/or to execute instructions in the Run-Test/Idle TAP state. A 
32-bit counter can be programmed to allow a predetermined number of scan or execute cycles. 


During scan operations, serial data that appears at the TDI input is transferred into a serial-to-4 x 8-bit-parallel 
first-in/first-out (FIFO) read buffer, which can then be read by the host to obtain the return serial-data stream 
up to eight bits at a time. Serial data that is to be transmitted from the TDO output is written by the host, up to. 
eight bits at a time, to a 4 x 8-bit-parallel-to-serial FIFO write buffer. 


In addition to such simple state-movement, scan, and run-test operations, the eTBC supports several additional 
commands that provide for input-only scans, output-only scans, recirculate scans (in which TDI is mirrored back 
to ТОО), апаа scan mode that generates the protocols used to support multidrop TAP configurations using TI's 
addressable scan port. Two loopback modes also are supported that allow the microprocessor/microcontroller 
host to monitor the TDO or TMS data streams output by the eTBC. 


The eTBC's flexible clocking architecture allows the user to choose between free-running (in which the TCK 
always follows CLKIN) and gated modes (in which the TCK output is held static except during state-move, 
run-test, or scan cycles) as well as to divide down TCK from CLKIN. A discrete mode is also available in which 
the TAP is driven strictly by read/write cycles under full control of the microprocessor/microcontroller host. 
Thesé features ensure that virtually any IEEE Std 1149.1 target device or device chain — even where such may 
not fully comply to IEEE Std 1149.1 — can be serviced by the eTBC. 


While most operations of the eTBC are synchronous to CLKIN, a test-output enable (TOE) is provided for output 
control of the TAP outputs, and a reset (RST) inputis provided for hardware reset of the eTBC. The former can 
.be usedto disable the eTBC so that an external controller can master the associated IEEE Std 1149.1 test bus. 


The SN54LVT8980 is characterized for operation over the full military temperature range of —55*C to 125°C. 
The SN74LVT8980 is characterized for operation from —40°C to 85°C. 





«35 TEXAS 
INSTRUMENTS 


8-4 POST OFFICE BOX 655303 € DALLAS, TEXAS 75265 


SN54LVT8980, SN74LVT8980 
EMBEDDED TEST-BUS CONTROLLERS 
IEEE STD 1149.1 (JTAG) TAP MASTERS WITH 8-ВП GENERIC HOST INTERFACES 


SCBS676 - DECEMBER 1996 





functional block diagram 
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Pin numbers shown are for the DW and JT packages. 
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Terminal Functions 


TERMINAL , 
NAME DESCRIPTION 


Address inputs. А2-А0 form the 3-bit address bus that interfaces the eTBC to its microprocessor/microcontroller host. 


These inputs directly index the eTBC register to be accessed (read from or written to). 
CLKIN Clock input. CLKIN is the system clock input for the eTBC. Most operations of the eTBC are synchronous to CLKIN. 
07-00 












Internally, the CLKIN signal is divided by а programmable divisor to generate ТСК. 


Data inputs/outputs. 07-00 form the §8-bit bidirectional data bus that interfaces the eTBC to its 
microprocessor/microcontroller host. Data in the eTBC registers is accessed (read or written) using this data bus. D7 is 
considered the most-significant bit, while DO is considered the least-significant bit. 


Ready output. RDY is used to indicate to the microprocessor/microcontroller host whether or not the eTBC is ready to 
service the access (read or write) operation that is currently being requested. If RDY remains high following the initiation 
of an access cycle (STRB negative edge) then the eTBC is ready. Otherwise, if RDY goes low following the initiation of 
an access cycle (STRB negative edge) then the eTBC is not ready. In cases where the eTBC is not ready, subsequent 
processing in the eTBC may clear the not-ready state, which allows RDY to return high before the end ofthe access cycle. 
In any event, the RDY output returns high upon the termination of any access cycle (STRB positive edge). 


Reset input. RST is used to initiate asynchronous reset of the eTBC. Assertion (low) of RST places the eTBC in a reset 
state from which it does not exit until RST is released (high). While RST is low, the eTBC i ignores ho: host writes, the RDY, 
TDO, TMS, and TRST outputs are high, while TCK outputs CLKIN/16. An internal pullup forces RST to a high level if it 
has no external connection. 



















































Read/write select. R/W is used by the microprocessor/microcontroller host to instruct the eTBC as to whether it is to 
perform read access (R/W high) or write access (R/W low). While R/W is high and STRB is low, the 07-00 outputs are 
enabled to drive low and/or high logic levels onto the host data bus. Otherwise, while R/W is low, the 07-00 outputs are 
disabled to a high-impedance state so that the host data bus can drive to the eTBC. 


Read/write strobe. STRB is used by the microprocessor/microcontroller host to instruct the eTBC to initiate (STRB 
negative edge) or terminate/conclude (STRB positive edge) an access (read or write) operation. An internal pullup forces 
STRB to a high level if it has no external connection. 


Test clock. TCK transmits the TCK signal required by the eTBC’s IEEE Std 1149.1 target(s). All operations of the TAP are 
synchronous to TCK. Generally, the TCK signal is generated internally by the eTBC by division of CLKIN by a 
programmable divisor. Alternatively, when the eTBC is in its discrete-control mode, a rising edge of TCK is generated on 
a read to the discrete-control register, while a falling edge is generated on a write to the discrete-control register. 


Test data input. TDI receives the TDI signal output by the eTBC's IEEE Std 1149.1 target(s). It is the serial input for shifting 
test data from the target(s); it is sampled on the rising edge of TCK and is expected to be transferred from the target(s) 
on the falling edge of TCK. An internal pullup forces TDI to a high level if it has no external connection. 


Test data output. TDO transmits the TDO signal required by the eTBC's IEEE Std 1149.1 target(s). It is the serial output 
for shifting test data to the target(s); it is transferred on the falling edge of TCK and is to be sampled in the target on the 
rising edge of TCK. 


Test mode select. TMS transmits the TMS signal required by the eTBC’s IEEE Std 1149.1 target(s). It is the one control 
signal that directs the next TAP-controller state of the target(s). It is transferred from the eTBC on the falling edge of TCK 
and is to be sampled in the target(s) on the rising edge of TCK. 


Test-output enable. TOE is the active-low output enable for the eTBC TAP outputs (TCK, TDO, TMS, TRST). When TOE 
is inactive (high) the TAP outputs are disabled to a high-impedance state. Otherwise, when TOE is active (low), the TAP 
outputs are enabled to drive low and/or high logic levels according to other eTBC functions. An internal pullup forces TOE 
to a high level if it has no external connection. 


Test reset. TRST transmits the TRST signal that may be required by some of the eTBC’s IEEE Std 1149.1 target(s). А 
low signal at TRST is intended to initiate asynchronous test reset of the connected *arget(s). Such a low signal at TRST 
is generated only when the microprocessor/microcontroller host writes an appropriate value into the eTBC command 
register or, while the eTBC is in discrete-control mode, into the discrete-control register. 


Supply voltage 
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application information 


In application, the eTBC is used to master a single IEEE Std 1149.1 test access port (TAP) under the control 
of a microprocessor/microcontroller host. A typical implementation is shown in Figure 1. 
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Figure 1. eTBC Application 


All signals required to master IEEE Std 1149.1-compliant devices - TCK, TMS, TDO, TDI - are 
sourced/received by the eTBC. The eTBC can also source the optional TRST signal. Additionally, the eTBC 
implements high-drive output buffers, allowing it to interface directly to on- or off-board targets without need for 
buffering or other additional logic. 





The eTBC's generic hostinterface allows it to act as a simple 8-bit memory- or /О-тарред peripheral. As shown 
in Figure 1, for many choices of host microprocessor/microcontroller, this interface can be accomplished without 
additional logic. While the eTBC requires a clock input (CLKIN), in many cases it can be driven from the same 
source that provides a clock signal to the host. 


Thus, in combination with the host microprocessor/microcontroller, the eTBC can be used to implement a 
two-chip embedded test-control function supporting board- and system-level built-in test based on structured 
IEEE Std 1149.1 test access. In some cases, for additional program and/or test vector storage, an external 
ROM/RAM may be required. 


By use of the eTBC in such an embedded test control function, the host microprocessor/microcontroller is freed 
from the burden of generating the TAP-state sequences, serializing the outgoing bit stream, and de-serializing 
the incoming bit stream. All such tasks are implemented in the eTBC, allowing the host to operate at full 8-bit 
parallel efficiency, host software to operate at the level of discrete scan operations versus the level of TAP . 
manipulation, and test throughput to be maximized. The eTBC’s full suite of data-scan and instruction-scan 
commands ensure that the host software operates efficiently. 


Host efficiency and flexibility is also maximized through the eTBC’s fully visible status and implementation of 
the ready output (RDY). RDY goes inactive during a read or write access if the host-requested access cannot 
be performed immediately. Thus, it can be usedto insert hold or wait states backto the host. Whenthe condition 
blocking the access clears, the requested access completes. Additionally, all conditions that can cause such 
a blocking condition are continuously updated in the eTBC status and command registers. Thus, the host 
software can poll the eTBC status rather than implement RDY in hardware. 


The eTBC also provides several capabilities that support special target application requirements. The eTBC's 
test-output enable allows its master function to be disabled so that another device (an external tester, for 
example) can control the target test access port. Where required, due to target non-compliance or sensitivity 
to state sequencing, discrete-contro! mode provides the host software with arbitrary control of TMS and TDO 
sequences. Also, where targets may be sensitive to leaving Shift-DR state during scan operation, gated-TCK 
mode allows the TCK output to be stopped, rather than cycling the target TAP state to Pause-DR state, when 
service to TDI buffer or TDO buffer is required. 
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application information (continued) 


Where target devices are extremely distant (due to cabling, etc.), pipelining may be implemented at intervals 
along the incoming or outgoing paths to retime (deskew) the TDI, TDO, and TMS signals. An example is shown 
in Figure 2. In such applications, the eTBC can automatically adjust the incoming test-data bit stream to account 
for cycle nd introduced by the pipeline. 








Distant | 

' IEEE Std : 

LVT8980 t 4149.1- қ 
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' Figure 2. Retimed interface to Target 


Also, in gated-TCK mode, special scan commands provide transparent support for addressable shadow 
protocols. Thus, in conjunction with its high-drive outputs, the eTBC can fully support multidrop backplane TAP 
configurations implemented with Tl's addressable scan ports (ASP). Figure 3 shows a multidrop TAP 
configuration in a passive-backplane application implemented with a centralized (one eTBC per chassis/rack) 
test-control architecture while Figure 4 shows a passive-backplane application implemented with a distributed 
(eTBC per module) test-control architecture. Figure 5 shows a multidrop TAP configuration in an 
active-backplane (motherboard) application. 
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Figure 3. Passive-Backplane Application with Centralized (eTBC per chassis) Test-Control Architecture 
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Figure 5. Active-Backplane (Motherboard) Application 
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Conceptually, the eTBC can be viewed as an IEEE Std 1149.1 coprocessor/accelerator that operates in 
conjunction with (and under the control of) a host microprocessor/microcontroller. The eTBC implements this 
function using an 8-bit generic host interface and a scan-test-based command/control architecture. As shown 
in the functional block diagram, beyond these fundamental elements and another central block supporting 
discrete-control mode, the eTBC functions are accomplished in four additional blocks - one for each of the 
required TAP signals - a TCK generator, a TAP-state (TMS) generator, a TDO buffer, and a TDI buffer. 


host interface 


The eTBC host interface is implemented generically оп an 8-bit read/write data bus (07-00). Three address 
pins (А2-А0) directly index the eTBC’s eight read/write registers: configurationA, configurationB, status, 
command, TDO-buffer, TDI-buffer, counter, and discrete-control. The register address map is given in Table 1. 


host access timing 


Host access timing is asynchronous to the clock input (CLKIN) and is fully controlled by the read/write strobe 
(STRB). The read/write select (R/W) serves to control the direction of data flow on the bidirectional data bus. 
Figure 6 shows the read access timing while Figure 7 shows the write access timing. As shown, for either read 
or write access, R/W and address signals should be held while STRB is low. 








For read access (R/W high) the eTBC data bus outputs are made active, on the falling edge of STRB, to drive 
the data contained in the selected eTBC register. Otherwise, when STRB is high, the eTBC data outputs are 
at high impedance. Therefore, in many applications, the R/W signal can be shared in common with other host 
peripherals (ROM or RAM, for example) while the STRB signal is generated separately (by discrete chip-select 
signals available from the host or a decode logic) for each required peripheral. 








For write access (R/W low), the eTBC data outputs remain at high impedance independent of STRB. The 
address of the register to be written is latched from the address pins on the falling edge of STRB while the data 
to be written is latched from the data bus on the rising edge of STRB. 


STRB \ / 
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Figure 7. Write Access Timing 


ready output 


The ready output (АБУ) from the host interface can be used, where the selected microprocessor/microcontroller 
supports it, to insert wait or hold states back to the host. If a host-requested access cannot be performed 
immediately, RDY will go inactive (low) during that given access. When the condition blocking the access clears, 
RDY will go active (high) and the eTBC will grant the requested access. Alternatively, where such 
hardware-generated hold or wait states are not supported in the selected microprocessor/microcontroller host, 
the eTBC status and/or command registers can be polled to determine its readiness to grant a given read or 


write access. 


Conditions that will cause a host access to be blocked (and RDY to become inactive) are limited to the following: 
е While the TDI buffer is empty, as indicated in status register (bit 7, TDIS), a requested read to TDI-buffer 


register will generate RDY inactive; this condition will clear, RDY will go active, and the requested 
access will complete, when the TDI buffer is no longer empty. 


While the TDO buffer is full or is being reset upon initiation of a scan command, as indicated in status 
register (bit 6, TDOS), a requested write to TDO-buffer register will generate RDY inactive; this 
condition will clear, RDY will go active, and the requested access will complete, when the TDO buffer is 
no longer full or the TDO-buffer reset completes, as applicable. 


While a соттапа 15 in progress, as indicated by a non-zero value in the opcode field (bits 3-0, OPCOD) 
of the command register, a requested write to command, configurationA, configurationB, or counter 
registers will generate RDY inactive. This condition will clear, RDY will go active, and the requested 
access will complete, when the previously specified command finishes. The sole exception is the writing 
of a logic 1 into the software reset (bit 7, SWRST) bit of the command register, which is never blocked. 


While a full-duplex scan command is in.progress, and the number of retiming-delay bits is other than 
zero, the number of writes to TDO-buffer register may not exceed, by more than 5, the number of reads 
to TDI-buffer register. A write to TDO-buffer register that does exceed this limit will be blocked, and will 
generate RDY inactive, indefinitely; the TDi-buffer register must be read before another write to 
TDO-buffer register. 
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A summary of the eTBC registers, their address mappings, bit assignments, reset values, and host accessibility 
(read/write or read-only) is provided in Table 1. All registers are fully readable by the host. All registers are fully 
writeable by the host with the sole exception of the status register. Also, with the exception of TDO-buffer and 
command registers, writes to any register while a command is in progress will be held off (RDY inactive) or 
ignored. Bits designated as reserved should be written to logic 0; read-only bits designated as reserved will 
always read logic 0. 


Table 1. Register Summary 


REGISTER DETAIL 
(BIT ASSIGNMENTS) 
ADDRESS| LrcisrER RESET | HOST 
REX BIET | gir BT4 | B вт2 | sma | Вто | VALUE | ACCESS 
Mea 6 | вт5 IT3 ( 88) 
| ooo | RW | 


[со [Configuration | Reserved | NTOE | ко | — woe | 

от [Confguraiona | — су Reeve] у ну [oe | nw | 
тов [Tos | став [Reserves maest | 00 [ ^ | 
Swesr|wmsr| вт | — об — — | 000 | nw | 
оо [вм 
| 101 























ЕСЕ | nw | 
“о | &w | 











Reserved 








configuration registers 


All eTBC test commands operate under the influence of the configurationA and configurationB registers. The 
decodes of the various bit groups assigned to these registers are given in Table 2 and Table 3, respectively. 
These registers are fully readable at all times and are fully writeable except when ап eTBC command is in 
progress. Bit group values designated as reserved should not be written. 


Table 2. ConfigurationA Register Decode 





CONFIGURATIONA 
BIT BIT VALUE 
GROUP | NO(S). 


RESULT 














TAP outputs (TCK, TDO, TMS, TRST) are enabled. 

TAP outputs (TCK, TDO, TMS, TRST) are disabled (high impedance). 

No loopback ~ TDI pin inputs to TDI buffer. 

TMS loopback — TAP-state generator inputs to TDI buffer. TMS and TDO pins are fixed high. 
TDO loopback - TDO buffer inputs to TDI buffer. TMS and TDO pins are fixed high. 
Reserved 














1 
10 
11 





Automatic/free-running-TCK mode - all TAP outputs are generated autonomously in the eTBC 
according to the active command. The TCK output runs continuously; while operating a scan command, 
if the TDI buffer becomes full and/or the ТОО buffer becomes empty, the TAP state will be cycled to 
Pause-DR or Раиве-ІН, as appropriate, until the host performs the required buffer service. 


Automatic/gated-TCK mode - all TAP outputs are generated autonomously in the eTBC according to 
the active command. The ТСК outputis run only when required to move ТАР state or to progress run-test 
or scan operations, otherwise, it is gated off (low); while operating a scan command, if the TDI buffer 
becomes full and/or the TDO buffer becomes empty, the TAP state will remain in Shift-IR or Shift-DR, 
as appropriate, but the TCK output will be gated off until the host performs the required buffer service. 














Discrete-control mode - all TAP outputs are determined by contents of the discrete-control register 
under control of host software. 


LPBK 4-3 
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Table 3. ConfigurationB Register Decode 


CONFIGURATIONB | 
BIT BIT VALUE RESULT 
GROUP | NO(S). 


CDIV 000-111 | TCK = (CLKIN)/(2CDIV); reset value ТСК = (CLKIN)/(24) = CLKIN/16 


| по | зә omen] Number of retiming delays to accommodate = RDLY; while operating a scan command, TDI sampling 
RDLY 3-0 0000-1111 | will be delayed by a number of ТСК cycles, equal to RDLY, following the generation of Shift-DR or 
Shift-IR state, as appropriate. 
The negated test-output-enable (NTOE) bit is provided to allow the host to disable the TAP outputs via software 
in a manner analogous to the hardware TOE. The loopback (LPBK) bit group allows the selection of the source 
of data to be input to the TDI buffer — from the TDI pin for normal eTBC operations or, for eTBC verification 


purpose, from TAP-state (TMS) generator or TDO buffer. The test mode (MODE) bit group provides for a choice 
of automatic/free-running-TCK, automatic/gated-TCK, or discrete-control modes. 


The clock-divisor (CDIV) bit group allows software control of the TCK output frequency based on a division of 
the CLKIN input. Divisors from 20 (1) to 27 (128) are provided. The clock divisor defaults to 24 (16) on eTBC 
reset (power-up, hardware-initiated, or software-initiated). The retiming-delay (RDLY) bit group provides for the 
automatic accommodation of retiming (pipeline) delays, which can be used to deskew the TAP signals to target 
scan chains that are electrically distant (due to cabling delays, etc). 
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status register 


The status of the eTBC is fully reported and continuously updated in the status register. The decode of the 
various bit groups assigned to the status register is given in Table 4. 


Table 4. Status Register Decode 


STATUS 
BIT BIT VALUE RESULT 
GROUP NO(S). 


тов 7 | O | The TDI buffer is empty — no TDI data is available for host read. 
| = a The TDI buffer is not empty — at least one byte of TDI data is available for host read. 


TDOS 0 | The TDO buffer is not full — at least one byte in TDO buffer is available for host write. 
The TDO buffer is full — no bytes in TDO buffer are available for host write. 
The current target TAP state (as sent by eTBC) is Test-Logic-Reset. 


The current target TAP state (as sent by eTBC) is Select-DR-Scan. 


0000 

0010 The current target TAP state (as sent by eTBC) is Capture-DR. 

0011 The current target TAP state (as sent by eTBC) is Shift-DR. 

0100 | The current target TAP state (as sent by eTBC) is Exit1-DR. 
TAPST 3-0 





















The counter is not loaded with a complete 32-bit value - command operation cannot begin until counter 
load completes. 


The counter is loaded with a complete 32-bit value - command operation can begin. 

















The TDl-buffer-status (TDIS) bit reports the readiness of the TDI buffer to respond to a host read. Тһе 
TDO-buffer-status (TDOS) bit reports the readiness of the TDO buffer to respond to a host write. The 
counter-status (CTRS) bit reports the readiness of the counter to support a command which uses the counter. 
The current-TAP-state (TAPST) bit group continuously reports the target TAP state as monitored by the eTBC. 





command register 


The command register is used to perform software reset of the eTBC, to discretely control the state of the TRST 
output when not in discrete-contro! mode, and to initiate test operations in the target(s).The decode of the 
various bits assigned to the command register is given in Table 5. 


Any read to the command register while a command is in progress will return the value written to the command 
register upon initiation of the command. Once a command finishes, the operation-code (OPCOD) bit group in 
the command register will be reset to null. In this way, the status of a requested command can be 
monitored/polled by the host. 


With the exception of the software-reset (SWRST) bit, which can be written at any time, writes to the command 
register while a command is in progress will cause RDY inactive and will be ignored if the write cycle is 
terminated before the previously requested command finishes. 
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Table 5. Command Register Decode 


| COMMAND | TEST OPERATION COMMENTS 
BIT BIT | VALUE RESULT 
GROUP | NO(S). 


WORKING 
SWRST 7 | 0 | Normal operation 
на Full reset 


TAP STATE 
| о | If not in discrete-control mode, output low to TRST pin. 
NTRST — — 
If not in discrete-control mode, output high to TRST pin. 
































Ye 
N/A 

; N/A 

0101 

[om [Executestatejump. __________| ма | N 

Execute input-only data-register scan. 

Ye 

i IR 


| 00 | Finish command in TAP state Test-Logic-Reset. 
ENDST 5-4 | 01 | Finish command іп TAP state Run-Test/Idle. 
1101 | Execute output-only data-register scan. Shift-DR | Ys | No | Ye | 
1110 | Execute recirculate instruction-register scan. Yes 


Finish command in TAP state Pause-DR. 
| 1 | Finish command in TAP state Pause-IR. 
OPCOD 
Execute recirculate data-register scan. Shift-DR Yes 
The software-reset (SWRST) bit is provided to allow software initiation of full eTBC reset. This bit of the 


| 0000 [мм 
| 0010 [Executeruntest __________________| RunTestide | Үз | No | No | 
| Yes _ 
| Yes | 
| Yes | 
[№ | 
s [ No | 
| Yes _ 
[№ | 
| Yes | 
| Yes | 
| Yes | 
| Yes | 
command register can be written at any time regardless of configuration or command in progress. The negated- 


[oon [Executeinputonly вал | NA | 
(ооо [ExecuteaSPscan, — (| МА | 

test-reset (NTRST) bit allows direct software control of the state of TRST output in modes other than 

discrete-control. 


The end-TAP-state (ENDST) bit group determines the TAP state in which the target scan chain will be left when 
the requested command finishes. The operation-code (OPCOD) bit group determines the test operation to be 
executed in the target. 


/ 
/ 
/ 
/ 
/ 





es 
Yes 
Yes 
Yes 
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Yes 
Yes 
Yes 
Yes 
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counter register 


The counter register, while only 8-bits wide like any other eTBC register, provides read/write access to the full 
32-bit eTBC counter. Writes or reads to the counter register should be accomplished by holding the eTBC 
address pins throughout four complete host access cycles, otherwise the counter will be considered unloaded 
and the four-cycle access must be restarted. The counter access (both read and write) is in 
least-significant-byte-first order. Any writes to the counter register while a command is in progress will be 
ignored. The 32-bit value loaded in the counter at initiation of a command is used to determine the number of 
TCK cycles or scan bits for which the command will be operated. 


TDO-buffer register 


The TDO-buffer register, while only 8-bits wide like any other eTBC register, provides write access to the full 
4 x 8 (32-bit) FIFO that comprises the TDO buffer. The TDO-buffer register can be written as long as the TDO 
buffer does not become full. When the TDO buffer becomes full, further writes to the TDO-buffer register cause 
RDY inactive (and consequent hold or wait states to be sent back to the host, if supported) and cause the write 
to be ignored if the write cycle is terminated before the TDO-buffer-full status is cleared. 


TDI-buffer register 


The TDI-buffer register, while only 8-bits wide like any other eTBC register, provides read access to the full 
4 x 8 (32-bit) FIFO that comprises the TDI buffer. The TDI-buffer register can be read as long as the TDI buffer 
does not become empty. When the TDI buffer becomes empty, further reads to the TDI-buffer register cause 
RDY inactive (and consequent hold or wait states to be sent back to the host, if supported) and cause the read 
data to be invalid if the read cycle is terminated before the TDI-buffer-empty status is cleared. 


discrete-control register 


The discrete-control register is used to program the state of the TAP outputs (ТСК, ТОО, TMS, TRST) and to 
poll the state of the TAP input (TDI) when the eTBC is in its discrete-control mode. The contents of the 
discrete-control register determine values output to the ТОО, TMS, and TRST according to the decode in 
Table 6. The TCK output is generated on each read and write to the discrete-control register; writes generate . 
TCK falling edge, while reads generate TCK rising edge. In modes other than the discrete-control mode, this 
register is fully writeable and readable, but writes and reads have no effect on eTBC or target operation. 





Table 6. Discrete-Contro! Register Decode 


| DISCRETE-CONTROL | CONTROL 
E BIT VALUE RESULT 
GROUP NO(S). 


ipe оз LM If in discrete-control mode, output low to TRST pin, otherwise nothing. 










| 1 iti in discrete-contro! mode, output high to TRST pin, otherwise nothing. 


[ow | 2а po If in discrete-control mode, output low to TMS pin, otherwise nothing. 
BEN If in discrete-control mode, output high to TMS pin, otherwise nothing. 
о» [+ LL The TDI data received is a logic 0. 

The TDI data received is a logic 1. 
ga uW == rss 


If in discrete-control mode, output high to TDO pin, otherwise nothing. 
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commandicantrel 
The eTBC's command-based architecture is structured around a set of comprehensive IEEE Std 1149.1 (JTAG) 
test objectives, which include TAP state movement, scan operations, and run test (operation of test logic in 
Run-Test/Idle state). The set of test operations, as decoded from the command register (bits 3-0, OPCOD) is 
given in Table 5. Commands are initiated by writing the eTBC command register; upon command initiation, the 
test-control logic is initialized and the ТОО and TDI buffers are cleared. Command completion is indicated when 
the operation code (OPCOD) field of the command register returns to the value of the null command. 


The eTBC command operation is modified by the configurationA, and configurationB registers, which should 
be written prior to writing of the command register as the values in these registers cannot be modified while a 
command is in progress. Also, commands are only operated in automatic test modes as specified in the 
configurationA register (bits 2-0, MODE) - while in discrete-control mode, commands are ignored. 


All eTBC commands operate similarly to accomplish IEEE Std 1149.1 test objectives. First, the eTBC generates 
a TMS sequence to move the target scan chain from its current TAP state to a working state that depends on 
the test objective. Second, the command is operated (test run, bits scanned) in the working state for a number 
of TCK cycles (or scan bits) determined by the value of the counter upon command initiation. Third, the eTBC 
generates a TMS sequence to move the target scan chain from the working state to the end state specified in 
the command register (bits 5-4, ENDST). For some commands, one or more of these steps are omitted. 


TAP-state-movement commands 


Two eTBC commands are provided to accomplish TAP state movement. The state-move command operates 
to generate a TMS sequence to move the target scan chain directly from its current TAP state to the end state 
specified in the command register. The state-jump command operates to move the eTBC’s stored value of the 
target TAP state without generating any changes to the TMS output. The state-jump command can therefore 
be used to switch between targets that share the same test bus, such as those in a multidrop backplane 
configuration implemented with ТІ addressable scan ports, but that may be left in different TAP states. 


run-test command 


The run-test command is provided to allow the test logic of the target scan chain to execute autonomously in 
the Run-Test/Idle TAP state. Such test logic is commonly used to implement chip- or board-level built-in self test. 
The run-test command operates by generating TMS sequences to move the target scan chain from its current 
TAP state to the Run-Test/Idle TAP state where it will remain for a number of TCK cycles determined by the value 
of the counter upon command initiation. Upon the countdown of the counter to zero, the eTBC generates TMS 
sequences to move the target scan chain to the end state specified in the command register. 


scan commands 


Eleven eTBC commands are provided to perform scan operations to target scan chains. These can be classified 
by the destination of scan data in the target - addressable scan port (ASP), IEEE Std 1149.1 instruction register, 
or IEEE Std 1149.1 data register — and by the nature/direction of the data transfer — full-duplex (default), 
input-only, output-only, or recirculate. The only combination of these two factors that is not implemented is 
recirculate ASP scan. 


addressable scan port (ASP) scan commands 


The ASP scan commands operate to scan data to and/or from an addressable scan port target. Since ASP 
devices require that TMS remain fixed throughout their select and acknowledge protocols, the eTBC does not 
generate TMS sequences or change its stored value of the target's TAP state. Also, for the same reason, ASP 
scan commands that target ASP devices should be operated in gated-TCK mode. The ASP scan commands 
do allow data written to the TDO buffer to be driven serially onto the TDO pin and bits received serially at the 
TDI pin to be stored into the TDI buffer for reading by the host. However, the ASP scan commands do not perform 
any bit-pair encoding of ASP select protocols or decoding of ASP acknowledge protocols. Such 
encoding/decoding must be performed in the host. The number of data bits to be transferred in and/or out is 
determined by the value of the counter upon command initiation. 
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Instruction-register scan commands 


The instruction-register scan commands operate to scan bits to and/or from the concatenation of instruction 
registers in a target scan chain. The eTBC generates a TMS sequence to move the target scan chain from its 
current TAP state to the Shift-IR TAP state. Data written to the TDO buffer can be driven serially onto the TDO 
pin and bits received serially at the TDI pin can be stored into the TDI buffer for reading by the host. The number 
of data bits to be transferred in and/or out is determined by the value of the counter upon command initiation. 
If during the operation of an instruction register scan command, the TDO buffer becomes empty, or the TDI 
buffer becomes full, the TAP state will be sequenced to Pause-IR (if in free-running-TCK mode) or the TCK 
output will be gated off (if in gated-TCK mode) until the required buffer service is performed. Upon the countdown 
of the counter to zero, the eTBC generates TMS sequences to move the target scan chain to the end state 
specified in the command register. 


data-register scan commands 


The data-register scan commands operate to scan bits to and/or from the concatenation of data registers in a 
target scan chain. The eTBC generates a TMS sequence to move the target scan chain from its current TAP 
state to the Shift-DR TAP state. Data written to the TDO buffer may be driven serially onto the TDO pin and bits 
received serially at the ТО! pin may be stored into the TDI buffer for reading by the host. The number of data 
bits to be transferred in and/or out is determined by the value of the counter upon command initiation. If during 
the operation of a data-register scan command, the TDO buffer becomes empty, or the TDI buffer becomes full, 
the TAP state will be sequenced to Pause-DR (if in free-running-TCK mode) or the ТСК output will be gated off 
(ifin gated-TCK mode) until the required buffer service is performed. Upon the countdown of the counter to zero, 
the eTBC generates TMS sequences to move the target scan chain to the end state specified in the command 
register. 


other scan-command variations 


As noted before, the nature/direction of the data transfer for any scan command can vary along with the 
destination of scan data in the target, as follows: 


€ For scan commands of the full-duplex (default) class, both ТОО buffer and TDI buffer are used to scan 
data to and from the target scan chain, respectively. 


€ Ғогѕсапсоттапаѕ ofthe input-only class, only the TDI buffer is used to scan data from the target scan 
chain; outgoing TDO data is fixed at a high level throughout the scan operation. 


€  Forscancommands ofthe output-only class, only the ТОО buffer is used to scan data to the target scan 
chain; incoming TDI data is simply ignored. 


• Forscancommands ofthe recirculate class, only the TDI buffer is used to scan data from the target scan 
chain; outgoing TDO data is generated by recirculating the incoming TD! data back into the target scan 
chain. 


counter 


As described above, the value loaded in the eTBC’s 32-bit counter at initiation of a command is used to specify 
the number of ТСК cycles or scan bits to remain in the command's working state. As each ТСК cycle or scan 
bit is processed for a run-test or scan command, respectively, the counter value is decremented. When the 
counter value reaches zero, the command leaves its working state to finish in the end state specified in the 
command register. 


Before acommand that uses the counter can be initiated, a full 32-bit value should be loaded by four consecutive 
writes to the counter register. As well, the full 32-bit current value of the counter can be observed by four 
consecutive reads to the counter register. The counter status (unloaded/loaded) is maintained and observable 
in the status register (bit 5, CTRS). 


Upon eTBC reset (power-up, hardware-initiated, or software-initiated), the counter is cleared and assumes its 
unloaded state. | 
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TCK generator 


The TCK generator sources the test clock (TCK) signal required by the IEEE Std 1149.1 target(s) and the 
eTBC-internal test-control logic. The fundamental TCK frequency is produced by division of CLKIN. The divisor 
to be used is programmable within a range of 1 to 128 in the configurationB register (bits 7-5, CDIV). The TCK 
output to the target(s) can be operated in free-running or gated modes. The free-running mode toggles TCK 
continuously, based on CLKIN, while the gated mode operates the TCK only when required to move the target 
TAP state or to perform a run-test or scan operation. 


While the eTBC is in discrete-control mode, the TCK generator is not used; instead, the state of TCK is toggled 
on each alternating read and write to the discrete-control register. A falling edge of TCK is produced by write, 
while a rising edge of TCK is produced by read. 


Upon eTBC reset (power-up, hardware-initiated, or software-initiated), the TCK generator assumes its 
free-running mode with a clock divisor of 16 (TCK = CLKIN/16). 


TAP-state generator 


The TAP-state generator sources the TMS signal, which sequences the TAP controllers of connected IEEE Std 
1149.1-compliant target devices. The TAP controller specified by IEEE Std 1149.1 is a synchronous finite-state 
machine that provides test control signals throughout each target device; its state diagram is shown in Figure 8. 
This diagram and the TAP-controller states are discussed subsequently. 


The TAP-state generator operates under the control of an executing command to generate the TMS sequences 
required to move connected target devices from one stable state to another, to capture and scan test data 
into/out of target devices, and to operate built-in test modes of target devices in the Run-Test/ldle state. 


The TAP state currently being generated is always maintained by the TAP-state generator and is constantly 
available in the eTBC status register (bits 3-0, TAPST) for host read. Basedon the TAP state that is current upon 
command initiation, the TAP-state generator will source a defined sequence of TMS values to reach the TAP 
state in which the command is progressed (e.g., Shift-IR, Shift-DR, Run-Test/Idle), and ultimately to reach the 
specified end TAP state. These sequences are detailed in Tables 7-12. 


While the eTBC is in free-running-TCK mode, if a currently operating scan command empties or fills a required 
test data buffer, then the TAP-state generator will source the TMS sequences required to move the connected 
target devices to their Pause-IR or Pause-DR states. In such case, the TAP-state generator will maintain target 
devices in their Pause-IR or Pause-DR states until the required test data buffer is serviced appropriately. On 
the other hand, if such a buffer condition occurs while the eTBC is in gated-TCK mode, the TAP-state generator 
maintains the target devices in their Shift-IR or Shift-DR states while the TCK is gated off. 


While the eTBC is in discrete-control mode, the TAP-state generator is not used; instead, the state of the TMS 
ріп is determined by the contents of the discrete-contro! register. Thus, TMS sequences that cannot be 
generated automatically can still be applied through the eTBC to targets that require such (e.g., near-compliant 
devices). 


The TAP-state generator also is not used during the operation of the special addressable shadow protocol 
(ASP) scan commands. Since, by definition, ASPs operate only while the TAP is idling (maintaining one of the 
TAP states Test-Logic-Reset, Run-Test/Idle, Pause-IR, or Pause-DR), the TMS pin must be maintained at the 
value it held upon initiation of the ASP scan command. 


For eTBC verification/debugging, in addition to continuous update of the current target TAP state in the eTBC 
status register, the output of the TAP-state (TMS) generator can be selected for loopback into the TDI buffer. 
When this TMS-loopback mode is selected, although a host-requested command will execute in the eTBC, the 
target will not be affected as both TMS and TDI are fixed at a high level. 


Upon eTBC reset (power-up, hardware-initiated, or software-initiated), the TAP-state generator assumes the 
Test-Logic-Reset TAP state. 





«5 TEXAS 
INSTRUMENTS 


POST OFFICE BOX 655303 € DALLAS, TEXAS 75265 8-19 


SN54LVT8980, SN74LVT8980 
EMBEDDED TEST-BUS CONTROLLERS 
IEEE STD 1149.1 (JTAG) TAP MASTERS WITH 8-BIT GENERIC HOST INTERFACES 


SCBS676 - DECEMBER 1996 





Table 7. TMS Sequencing from TAP State Test-Logic-Reset 


TMS STATE TMS STATE Tus STATE TMS STATE Ts STATE nud STATE 
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— БЕНЕН [u sss |н | sons |н | sons [н [ sors | 
Pf eae с Capture | н | sms [a | өне | 
LL LL [T swes | n | мен | с | Genesi | L | Саршеч 


_ | — | | j Paseo | 1 | Shi |н | вана 
HERI Ep ps SEE] RES ЕРЕКЕ ERE (ee DEN И — t | rason | 


Table 8. TMS Sequencing from TAP State Run-Testidie 


RUNTESTIDLE 

TMS STATE TMS STATE TMS STATE TMS STATE Tus STATE =a ЖЕТЕН 
н [sors | r | вт [н | sos | n | sons | n | sens | 

Fic] ees ү Et [seen Е [en и не нае 
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Table 9. TMS Sequencing trom TAP State Pause-DR 


TMS STATE TMS STATE MS STATE TMS STATE TMS STATE IMS STATE 
Сн | exon [н | won | n | шон [н | юшон | n | Бизон | н | ен” 
Сн | Update-DR | н | Update-DR | L | сикон | n | UpdateDA | н | Орошеон | H | Update-DR | 
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H] Ta | [T  [ T near [r [Smuem | L | Saman. 
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Table 10. TMS Sequencing from TAP State Pause-IR 
FROM PAUSE-IR (TMS z L) TO 


TMS STATE TMS STATE TMS STATE TMS STATE TMS STATE TMS STATE 
Сн Г Emm [н | exem [н | mezm [н | xe | n | я | n | ван | 
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Table 11. TMS Sequencing from TAP State Shift-DR 
FROM SHIFT-DR (TMS = |) TO 


TEST-LOGIC-RESET RUN-TEST-IDLE PAUSE-DR | | PAUSER | 
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Table 12. TMS Sequencing from TAP State Shift-IR 


FROM SHIFT-IR (TMS = L) TO 
TEST-LOGIC-RESET RUN-TEST-IDLE PAUSE-DR 


NEXT NEXT NEXT NEXT 
NEXT TAP STATE NEXT TAP STATE NEXT TAP STATE NEXT TAP STATE 
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state dlagram description 


The state diagram shown in Figure 8 is in accordance with IEEE Standard 1149.1-1990. The TAP controller 
proceeds through its states based on the level of TMS at the rising edge of TCK. 


As shown, the TAP controller consists of 16 states. There are six stable states (indicated by a looping arrow in 
the state diagram) and ten unstable states. A stable state is a state the TAP controller can retain for consecutive 
TCK cycles. Any state that does not meet this criterion is an unstable state. 


There are two main paths though the state diagram: one to access and control the selected data register and 
one to access and control the instruction register. Only one register can be accessed at any given time. 


Test-Logic-Reset : 





PTMS = Н 





PTMS-H ` 





Run-Test/Idle 


PTMS = L 







PTMS = 
PTMS =H 


PTMS=H 


Update-IR ) 


PTMS = L 





Figure 8. TAP-Controller State Diagram 
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Test-Logic-Reset 


The eTBC TAP-state generator powers up in the Test-Logic-Reset state. Alternatively, the eTBC can be forced 
to this state asynchronously by assertion of its RST input or synchronously by writing the eTBC command 
register (БИ 7-SWRST). 

For a target device in the stable Test-Logic-Reset state, the test logic is reset and is disabled so that the normal 
logic function of the device is performed. The instruction register is reset to an opcode that selects the optional 
IDCODE instruction, if supported, or the BYPASS instruction. Certain data registers also can be reset to their 
power-up values. 


Run-Test/ldle 


For a target device, Run-Test/ldle is a stable state in which the test logic can be actively running a test or can 
be idle. 


Select-DR-Scan, Select-IR-Scan 


For atarget device, no specific function is performed in the Select-DR-Scan and Select-IR-Scan states, and the 
TAP controller exits either of these states on the next TCK cycle. These states allow the selection of either 
data-register scan or instruction-register scan. 


Capture-DR 


For a target device in the Capture-DR state, the selected data register can capture a data value as specified 
by the current instruction. Such capture operations occur on the rising edge of TCK upon which the Capture-DR 
state is exited. 


Shift-DR 


For a target device, upon entry to the Shift-DR state, the selected data register is placed in the scan path 
between TDI and TDO, and on the first falling edge of TCK, TDO goes from the high-impedance state to an 
active state. TDO outputs the logic level present in the least-significant bit of the selected data register. While 
in the stable Shift-DR state, data is serially shifted through the selected data register on each TCK cycle. 


Exit1-DR, Exit2-DR 


For a target device, the Exit1-DR and Exit2-DR states are temporary states that end a data-register scan. It is 
possible to return to the Shift-DR state from either Exit1-DR or Exit2-DR without recapturing the data register. 
On the first falling edge of TCK after entry to Exit1-DR, ТОО goes from the active state to the high-impedance 
state. 


Pause-DR 


For target devices, no specific function is pertormed in the stable Pause-DR state. The Pause-DR state 
suspends and resumes data-register scan operations without loss of data. 


Update-DR 


For a target device, if the current instruction calls for the selected data register to be updated with current data, 
such update occurs on the falling edge of TCK following entry to the Update-DR state. 


Capture-IR 


For atarget device in the Capture-IR state, the instruction register captures its current status value. This capture 
operation occurs on the rising edge of TCK upon which the Capture-IR state is exited. 
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Shift-IR 


For а target device, upon entry to the Shift-IR state, the instruction register is placed in the scan path between 
TDI and TDO, and on the first falling edge of TCK, TDO goes from the high-impedance state to an active state. 
TDO outputs the logic level present in the least-significant bit of the instruction register. While in the stable 
Shift-IR state, instruction data is serially shifted through the instruction register on each TCK cycle. 


Exit1-IR, Exit2-IR 


For target devices, the Exit1-IR and Exit2-IR states are temporary states that end an instruction-register scan. 
It is possible to return to the Shift-IR state from either Exit1-IR or Exit2-IR without recapturing the instruction 
register. On the first falling edge of ТСК after entry to Exiti-IR, ТОО goes from the active state to the 
high-impedance state. 


Pause-IR 


For target devices, no specific function is performed in the stable Pause-IR state, in which the TAP controller 
can remain indefinitely. The Pause-IR state suspends and resumes instruction-register scan operations without 
loss of data. 


Update-IR 


For target devices, the current instruction is updated and takes effect on the falling edge of TCK, following entry 
to the Update-IR state. 


TDO buffer 


The TDO bufferisthe 4 x 8-bit-parallel-to-serial FIFO that accepts scan data from the host in 8-bit-parallel format 
and seríalizes it onto the TDO pin during scan operations. Scan data is expected to be transferred from the host 
inleast-significant-byte-first order to meet IEEE Std 1149.1 requirements for least-significant-bit-first scan order. 
Any partial byte to be written should be justified to DO. The TDO buffer is cleared upon command initiation, so 
no scan data should be written to the TDO buffer before writing a scan command to the command register. 


The TDO-buffer status (not full/full) is maintained in the status register (bit 6 TDOS). When the TDO-buffer 
status is full, writes to the TDO buffer will be held off by RDY inactive and if the write cycle is aborted prior to 
RDY active, the write data will be ignored. 


For the convenience and efficiency of operating scans to the target for which outgoing data is not required, the 
eTBC supports special classes of input-only and recirculate scan commands which do not require nor operate 
the TDO buffer and so the host need not perform any write access to it. While the input-only scan commands 
are operating, the TDO pin outputs a fixed high level. While the recirculate scan commands are operating, the 
TDO pin recirculates to the target the data that is received at TDI. 


While the eTBC is in discrete-control mode, the TDO buffer is not used; instead, the state of the TDO pin is 
determined by the contents of the discrete-control register. Thus, TMS/TDO sequences that cannot be 
automatically generated can still be applied through the eTBC to targets that require such (e.g., near-compliant 
devices). 


For eTBC verification/debugging, the TDO-buffer output can be selected for loopback into the TDI buffer. When 
this TDO-loopback mode is selected, although a host-requested command will execute in the eTBC, the target 
will not be affected, as both TMS and TDI are fixed at a high level. 


Upon eTBC reset (power-up, hardware-initiated, or software-initiated), the TDO buffer is cleared and assumes 
its not-full state. 
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TDI buffer 


The TDI buffer is the serial-to-4 x 8-bit-parallel FIFO that serially receives data at the TDI pin and makes it 
available in 8-bit-parallel format for reading by the host. Scan data is expected to be transferred from the IEEE 
Std 1149.1 targets in least-significant-bit-first order and is made available for host read in 
least-significant-byte-first order. The last data available for host read during a scan command may be a partial 
byte, in which case it will be justified to DO. 


The TDI-buffer status (empty/not empty) is maintained in the status register (bit 7, TDIS). When the TDI-buffer 
status is empty, reads to the TDI buffer will be held off by RDY inactive and, if the read cycle is aborted prior 
to RDY active, the read data will be invalid. 


The TDI buffer is able to automatically accommodate retiming (pipeline) delays to the target. While operating 
a scan command, TD! sampling will be delayed by a number of TCK cycles, equal to a value given in the 
configurationB register (bits 3-0, RDLY), following the generation of Shift-DR or Shift-IR state, as appropriate. 


For the convenience and efficiency of operating scans to the target for which incoming data is not required, the 
eTBC supports a special class of output-only scan commands that neither require nor operate the TDI buffer. 
While the output-only scan commands are operating, the data received at TDI is ignored and the host need not 
perform any read access to the TDI buffer. 


While the eTBC is in discrete-control mode, the TDI buffer is not used; instead, the state of the TDO pin is 
observed in the discrete-control register. Thus, TMS/TDO sequences that cannot be automatically generated 
can still be applied through the eTBC to targets that require such (e.g., near-compliant devices). 


For eTBC verification/debugging, the input to the TDI buffer can be selected for loopback from either TDO buffer 
or TAP-state (TMS) generator. When either of these loopback modes is selected, although a host-requested 
command will execute in the eTBC, the target will not be affected, as both TMS and TDI are fixed at a high level. 


Upon eTBC reset (power-up, hardware-initiated, or software-initiated), the TDI buffer is cleared and assumes 
its empty state. 


discrete control 


The discrete-control block provides the multiplexing and control logic required to support the eTBC's 
discrete-control mode in addition to its automatic modes. While the eTBC is in discrete-control mode, the TAP 
signals are fully controllable/accessible to the host via reads/writes to the discrete-control register. No 
commands can be initiated/operated while the eTBC is in discrete-control mode. 


Upon eTBC reset (power-up, hardware-initiated, or software-initiated), the discrete-control mode is inactive. 


reset 


The eTBC provides three mechanisms for comprehensive and equivalent reset - power-up reset, 
hardware-initiated reset (RST), and software-initiated reset (SWRST, bit 7 of command register) to the following 
effect: 


€ AlleTBC registers are reset to default values as given in Table 1. 

The command/control logic is fully reset. 

The counter is cleared/unloaded. The TDO buffer and TDI buffer are cleared/emptied. 
The TAP-state generator is reset to the Test-Logic-Reset TAP state. 

TDO, TMS, and TRST output high levels; TCK outputs CLKIN/16. 


As a consequence, the IEEE Std 1149.1 targets can be expected to be driven synchronously to the 
Test-Logic-Reset state no later than the fifth rising edge of TCK (72 CLKIN cycles). 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 


Supply. voltage range, VEG «29x ore ланы Wale НЫ ews Oy sewn shane аи —0.5 V to 4.6 V 
Input voltage range, Vj (see Note 1) .................................................. —0.5 V to 7 V 

Voltage range applied to any output in the high state or power-off state, 
Vo: (sëe Мота и D. RDY родила ара owes teary veined nad Maule ow VR RS ита —0.5 V to Voc + 0.5 V 
TCK, TDO, TMS, TRST ............................................ -0.5 Vto 7 V 
Current into any output in the low state, Io: SN54LVT8980 (D, КОМ) ......:..................... 12 mA 
SN54LVT8980 (ТСК, TDO, TMS, TRST) .............. 96 mA 
SN74LVT8980 (D, RDY) ............................ 12 mA 
SN74LVT8980 (ТСК, ТОО, TMS, TRST) ............. 128 mA 

Current into any output in the high state, 

lo (see Моје 2): SNB4LVT8980 (D, НОМ) .................................................. 16 mA 
SN54LVT8980 (ТСК, TDO, TMS, ТН5Т)..................................... 48 mA 
SNZ4LV T8980 (D, RDY): 2255 64 s Vr оса a aie Fe va CASES га 16 mA 
SN74LVT8980 (ТСК, ТОО, TMS, TRST) ..................................... 64 mA 
input clamp ештеліі(Угеб)- сасе ek ko xe ва ER EE ES бақа өтеле аа ENSE RES —50 mA 
Output clamp current, lo (Vo <0) «ees ее жаа қа ERE CA E RES ER —50 mA 
Output clamp current, [ок (Мо > Voc): D; АБУ ............................................. 50 mA 
Maximum power dissipation at TA = 55°C (in still air) (see Note 3): DW package ................... 1.7W 
Storage temperature range, Та... sisse —65°С to 150°C 


t Stresses beyond those listed under “absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1. Theinput and output voltage ratings may be exceeded if the input and output current ratings are observed. 

2. This current flows only when the output is in the high state and Мо > Vcc. 

3. Themaximum package power dissipation is calculated using a junction temperature of 150*C and a board trace length of 750 mils. 
For more information, refer tothe Package Thermal Considerations application note in the ABT Advanced BiCMOS Technology Data 
Book, literature number SCBD002. 


recommended operating conditions (see Note 4) 


END ЕТЕКТІ 
UNIT 


Supply voltage —— s ae ВИЙ 
High-level input voltage паии ИСЕН ИГИ 


















Low-level input voltage do — 08) V | 

input voltage [ s| ss V | 

D, ADY = A 

loH High-level output current 
TOK TOOTS TST | 5 -2| — s| m | 

D, RDY C | в па 

lo Low-level output current E 
TOK TDO,TwS,TAST | 22 — 4| — мА | 

At/Av Input transition rise or fall rate ° t0f 10) пом | 
АМАМСС Ромег-ир ramp rate ел 


ТА Operating free-air temperature | -55 125 | -40 85 


NOTE 4: Unused contro! inputs (A, CLKIN, R/W) must be held high or low to prevent them from floating. 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 





























PARAMETER TEST CONDITIONS UNIT 
MIN ТҮРІ МАХ| MIN ТҮРІ MAX 
Voc = 2.7V, | =—18тА у | 
Усс = MIN to МАХ, ТОН = –100 pA Усс-0.2 Усс-0.2 
Voc = 2.7 V, [он =-4 mA 23 
БА os СТЕР МЕН ИНЕТЕ Е = == 
Мсс + ЗУ За. 
Т [он = -8mA | 24 | ____||у 
OH Voc = MIN to МАХ, ТОН = —100 БА Vcc-02 Vcc-0.2 
тск, TDO, TMS, | Voc = 277 V. ІОН = -8 тА | 24 |24 0 | 
TRST |ou--24m | 2  -]| CC 
Voc 23V OH 
ІОН = -32 mA НЫНА Ке? eee 
Voc = MIN to MAX#, 101 = 100 uA |_______ 02] 02 
ош =ата 05 055 
Voc 227 V OL 
D, RDY 101 = 6 mA 04) og 
loL-4mA |02205) 0.88] 
Мсс + ЗУ B 
101 = 6 mA |_______ 08] oB 
VoL Voc = MIN to МАХ, Ісі = 100 pA r O| 2| v 
Vcc - 2.7 V IOL = 24 mA |_____ ғ0) 0 
TCK, TDO, TMS, loL = 16 mA | 
TRST 101 = 32 mA ж” os| 05 
УСС + ЗУ x. 
IOL = 48 mA Ыб 59058) | 
101 = 64 mA | 056 
A, CLKIN, RST, z 
RAW,STRB, TDI, |Vcc = 0orMAXt, — V|=5. V & 10 
ТОЕ | 
А, CLKIN, RW | Vcc = 3.6 V, VI = Усс ог GND m 
RST, STRB, TDI Vi= Voc ww | 
; STRB, TDI, | ус = 3.6 V 
TOE -40 -100 | -40 -100 
TCK, ТОО, TMS, | 
отн |о,тск,тоо, |Усс-3.6У, Vo -3V a) PEINE: iA 
102]. __| TMS, TRST Voc = 3.6 V, Vo = 05V PCS 





lozpuS | тск, тоо, TMS, |Усс-0101.5У, Vo=05Vto3V, TOE - 0 m 
lozppS | TRST Усс- 1.5 Vto0, Vo = 0.5 Vto3V, ТОЕ-0 











Outputs high x  08| — 0 
a ae ај. == 
loc Outputs low VI = Voc or GND 7 7| mA 





Outputs disabled 


Усс 23V to 3.6 V One input at Усс — 0.6 V, 

q cc , р сс , 

с РЕК. ст ВЕНЕ |ЕВА: УНЕ 280 
" Vo 237910 E coe 


pF 
о Vo=3Vor0 I F 


T All typical values are at Усс = 3.3 V, TA = 25°С. 


+ For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
§ This parameter is characterized but not tested. 
1 This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND. 
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timing requirements over recommended operating free-air temperature range (unless otherwise 
noted) (see Figure 9 and Figure 10) 












SN54LVT8980 SN74LVT8980 


е. =3.3V =: ork = 3.3 = 


TCK=xCLKIN 
| (CDIV=0) 
TCK<CLKIN/4 
TCK=xCLKIN a 
(CDIV-0) 
Pulse duration, CLKIN high or TCK=CLKIN/2 % 6 
low (CDIV=1) E 
TCK<CLKIN/4 
(CDIV>2) 
Pulse duration, RST low EL s па Ба 
Pulse duration, STRB low л реге” 


Read or write os 
Setup time, A before STRB} (RW high or low) pe m |= ГИН 


Setup time, D before STRBT Write (АЛ ом | 5 | 5 | 
Seup in, A bororo STRE Pee ee и 
Setup time, TDI before CLKINT 


Read or write Ci 
Hold time, A after STRBT (R/W high or low) c j j a ЖИ 


Hold ime, D atter STAB? {Wrte(RWiow) | 8 |055 |5 |) 015 |. 
Hold time, ВАУ after STRET 0164 
Hold time, TD! after CLKINT шо | 10 | 
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switching characteristics over recommended operating free-air temperature range (unless 
otherwise noted) (see Figure 9 and Figure 10) 


SN54LVT8980 SN74LVT8980 
FROM TO сс 3.3V |Усс= Усс = 3.3 V Усс- 
PARAMETER (INPUT) (OUTPUT) £0.3V 27v | UNIT 


“мы мах] МАХ | мм түрт МАХ] МАХ | 

E = | = eee 
Teal [ e 2| 25] в 10 | 20] 

[ 12 æ| 4o| м № o| 39 

т ШЕЕ | = | 

о о NET T ЕЕ 

== SEs 

ee ee 

| wu | BS | том | 5-9) 391 6 6 2 so[ № | 

— TON ENG o. ш “з=” E 1 

о ERE 5 S 5 MCI] 

TCK, TDO, TMS, TRST 


А ТСК, ТОО, TMS, TRST 6 за S e m ва 
н | other modes 20 35| 40| 


Сва 25 
STRBL 
[| 'PZL | 4 8 15 


Em 
== 15 25 
el STRBT TCK, TDO, TMS, TRST EE 2517750 


!PZH um крш T ЕЕ ај s е 

TOEL TCK, TDO, TMS, TRST 
а | 2 w| 18| 2 6 9%) 5 
5 БЕНЕН | 3 9) æj 4 в 5) 18 


sai в в 
ЕЕ TRE с = STRBT TCK, TDO, TMS, TRST | 35 | 30) 


5 ce tue Бог 
ТОЕТ TCK, TDO, TMS, TRST 
BERE Cm Па as в E 


T All typical values are at Voc = 3.3 V, ТА = 25°С. 























№ ~ 
m a 
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PARAMETER MEASUREMENT INFORMATION 









о 4У 
1РЕНАРНЕ 
From Output 
Under Test О Open oe 
CL = 50 pF ane PHZ/tPZH 
(see Note A) | 
2.7 V 
LOAD CIRCUIT 
Timing Input 
М-------- ом 
M——— tw — —»| 
| | 2.7V 
я | | | 2.7V 
input N as Data Input 15V 
ov оу 
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS 
PULSE DURATION SETUP AND HOLD TIMES 
27У 27У 
Output 
Input | | 1.5V қ? Control | 1.5V | 1.5 У р 
| | 21-5 k- | 
tPLH 714—959 4-- tPHL | 7-Я | 
PLZ 
ше Ec С йрй | | y 2V 
Output | 15V | 15V ges | КУ | Уус «озу 
| | VOL (вве Note B) | eem VOL 
tPHL —6— | 4 рін tPZH + e Ed 
| Output | 
| | Мон Waveform 2 | Von -03V VOH 
Output 15V 15V 51 at GND 1.5V 
------ VoL (see Note B) = OV 
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES ENABLE AND DISABLE TIMES 


INVERTING AND NONINVERTING OUTPUTS 


NOTES: А. Сү includes probe and jig capacitance. 


LOW- AND HIGH-LEVEL ENABLING 


B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

C. All input pulses are supplied by generators having the following characteristics: PRR < 10 MHz, Zo = 50 О, tr «2.5 ns, tf < 2.5 ns. 

D. The outputs are measured one at a time with one transition per measurement. 


Figure 9. Load Circuit and Voltage Waveforms (D and RDY Outputs) 


арта авионе A Ta сты SS NN OMEN MUN ы ел 3 е arə>: С PSOE ESS a RN RR COEUR D NE GUI wa NUN CRINES QUOS EY 


% T 
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PARAMETER MEASUREMENT INFORMATION 









Ó 6v 
From Output O Open tPLH/tPHL 
Under Test GND Piz ret 
CL = 50 pF an PHZ''PZH 
(see Note A) | 


asss s 2. 
LOAD CIRCUIT тм СУ 
Timing Input 1.5 У 
|v—————— ФУ 
KE— —— tw ñ чәе Ы 
tsu th | 


| | 27V | 


5V | ( 15 V | | = 
оу оу 
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS 
PULSE DURATION SETUP AND HOLD TIMES 
2.7V 27V 
Output 
| | Ра-» 4 | 
{рн —1«—9} 4--ы- tPHL | irs — | 
PLZ 
| d» Li уби са ГОНИ | | ©, зу 
Output | 15V | 15V yo | МУ | Күс „озу 
S1at6V о y 
| | VoL (see Note B) Ж Пена —> 6 OL 
l— t 
tPHL EE | PLH : Output IPZH— » | 
| он Waveform 2 a nag МОН 
V V 
Output 15V 15V S1 at GND y 15v N ences 
------ VoL (see Note B) = 0\ 
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES ENABLE AND DISABLE TIMES 
INVERTING AND NONINVERTING OUTPUTS LOW- AND HIGH-LEVEL ENABLING 


NOTES: А. Cy includes probe and jig capacitance. 
B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 


Waveform 2 is for an output with interna! conditions such that the output is high except when disabled by the output control. 
C. Allinput pulses are supplied by generators having the following characteristics: PRR < 10 MHz, Zo = 50, tp $2.5 ns, {< 2.5 ns. 
D. The outputs are measured one at a time with one transition per measurement. 


Figure 10. Load Circuit and Voltage Waveforms (TCK, TDO, TMS, TRST Outputs) 
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Members of the Texas Instruments 
SCOPE™ Family of Testability Products 


€ Compatible With the IEEE Standard 
1149.1-1990 (JTAG) Test Access Port and 
Boundary-Scan Architecture 


@ Control Operation of Up to Six Parallel 
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Execute Instructions for Up to 232 Clock 
Cycles 


Each Device Includes Four Bidirectional 
Event Pins for Additional Test Capability 


Inputs Are TTL-Voltage Compatible 
EPIC™ (Enhanced-Performance Implanted 


Target Scan Paths CMOS) 1-шт Process 


€ Accommodate Pipeline Delay to Target of € Packaged In 44-Pin Plastic Leaded Chip 
Up to 31 Clock Cycles Carrier (FN), 68-Pin Ceramic Pin Grid Array 
€ Scan Data Up to 232 Clock Cycles (GB), and 68-Pin Ceramic Quad Flat 
; Packages (HV) 


description 


The 'ACT8990 test-bus controllers (TBC) are members of the Texas Instruments SCOPE™ testability 
integrated-circuit family. This family of components supports IEEE Standard 1149.1-1990 (JTAG) boundary 
scan to facilitate testing of complex circuit-board assemblies. The 'ACT8990 differ from other SCOPE™ 
integrated circuits. Their function is to control the JTAG serial-test bus rather than being target 
boundary-scannable devices. 


The required signals of the JTAG serial-test bus — test clock (ТСК), test mode select (TMS), test data при (TDI), 
and test data output (TDO) can be connected from the TBC to a target device without additional logic. This is 
done as a chain of IEEE Standard 1149.1-1990 boundary-scannable components that share the same 
serial-test bus. The TBC generates TMS and TDI signals for its target(s), receives TDO signals from its target(s), 
and buffers its test clock input (TCKI) to a test clock output (TCKO) for distribution to its target(s). The TMS, TDI, 
and TDO signals can be connected to a target directly or via a pipeline, with a retiming delay of up to 31 bits. 
Since the TBC can be configured to generate up to six separate TMS signals [TMS (5 —0)], it can be used to 
control up to six target scan paths that are connected in parallel (i.e., sharing common TCK, TDI, and TDO 
signals). 


While most operations of the TBC are synchronous to TCKI, a test-off (ТОРЕ) input is provided for output control 
of the target interface, and a test-reset (TRST) input is provided for hardware/software reset of the TBC. In 
addition, four event [EVENT (3-0)] I/Os are provided for asynchronous communication to target device(s). 
Each event has its own event generation/detection logic, and detected events can be counted by two 16-bit 
counters. 


The TBC operates under the control of a host microprocessor/microcontroller via the 5-bit address bus 
[ADRS (4-0)] and the 16-bit read/write data bus [DATA (15—0)]. Read (RD) and write (WR) strobes are 
implemented such that the critical host-interface timing is independent of the TCKI period. Any one of 
24 registers can be addressed for read and/or write operations. In addition to control and status registers, the 
TBC contains two command registers, a read buffer, and a write buffer. Status of the TBC is transmitted to the 
host via ready (RDY) and interrupt (INT) outputs. 


Major commands can be issued by the host to cause the TBC to generate the TMS sequences necessary to 
move the target(s) from any stable test-access-port (TAP) controller state to any other stable TAP state, to 
execute instructions in the Run-Test/Idle TAP state, or to scan instruction or test data through the target(s). А 
32-bit counter can be preset to allow a predetermined number of execution or scan operations. 


Serial data that appears at the selected TDI input (ТОП or TDIO) is transferred into the read buffer, which can 
be read by the host to obtain up to 16 bits of the serial-data stream. Serial data that is transmitted from the TDO 
output is written by the host to the write buffer. 


SCOPE and EPIC are trademarks of Texas Instruments Incorporated. 





PRODUCTION DATA Information Is current as of publication date. Copyright © 1997, Texas instruments Incorporated 


Products conform to specifications per the terms of Texas Instruments i ТЕ 
standard warranty. Production processing does not necessarily Include «X2 Ti S On prod prora ы. ЫР Жақа зена td 
testing of all parameters. I ЕХА processing does not necessarily Include testing of all parameters. 
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description (continued) 


The SN54ACT8990 is characterized for operation over the full military temperature range of —55?C to 125°C. 
The SN74ACT8990 is characterized for operation from 0°С to 70°C. 


SN54ACT8990... HV PACKAGE | 





(TOP VIEW) 
e N= о 
O Фо 
„Бо о броћроје Бе 
9 99 99928 еее = 2 
а | а у | ин | а | L | JL IL | 
моћ 87854321 Nc 
DATAO |] 11 59 [| ТМ55/ЕУЕМТЗ 
DATA |] 12 58 [[TMS4/EVENT2 
NC |] 13 57 ЦМС 
DATA2 | | 14 56 | TMS3/EVENT1 
DATAS | | 15 55 [| TMS2/EVENTO 
NC Tj 16 54 ЦМС 
DATA4 | | 17 53 ЦУсс 
GND [] 18 52 [| GND 
Усс [I 19 51 [| TMS1 
NC [] 20 50 ЦМС 
DATAS |] 21 49 | TMSO 
ОАТА6 | | 22 48 ЦТОО 
NC | 23 47 ЦМС 
DATA7 || 24 46 ЦТСКО 
ОАТАВ |] 25 45 LI ТСК! 
NC | 26 44 || NC 
иш шш юш (аш гг, ji ji I ee ee | 
е229:2923:9259459 
а со a a a 


NC - No internal connection 
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5М74АСТ8990... FN PACKAGE 
(TOP VIEW) 





© © @|° 


© © @ @ @ @ @ @ @ 
© © © © © © © © © © о)” 
© © © © © © © © © 





© © © O © © O © © © © 
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Table 1. Terminal Assignments 


TERMINAL TERMINAL TERMINAL TERMINAL 













A; Nc [в Fn 
ma ADRS! [вн 
А4 NC СІ DATA2 K8 TUNE 

AS дон | Ca ОАТА 
AG доно 611 "e: K10 
ТУЕ 
Cii TMSS/EVENT3 | H2 DATA6 
Dt DAT 






TRST ОАТАЗ ни TMSO L4 DATA12 
DATAO 010 TMS3/EVENT1 J1 ОАТАВ L5 DATA13 
















Fur № [mt в Че мы а | 
BS ADRSS 7 DATA 
Bi ADRS2 еве ps e e e 
85 Nc [ео 
En һу | ке м Гы — ю — 
Fi з ролдо | P] 
85 y [вы иы ү —— — 
B9 WR F10 | кб NO |), 
NC - No internal connection 
functional block diagram 
Target Host 
Interface Interface 
—— Read Data Bus 16 PETE o 
16 
а DATA(15-0)T 





| ADRS(4-0) 

TMS(5-2/ 4 | Ж > RD 
EVENT(3-0)f >| Event » Counter Block дар 

М Block | R 
: ) RDY 
ii : Command Block Host INT 

Block 

кей Serlal Block 






TMS(1-0) 
TDI(1—0)f 
TDO 


ТОРЕ! 


Sequencer 
Block 


TCKO 


TCKI 
TRSTÍ 


T Inputs have internal pullup resistors. 
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Terminal Functions 


TERMINALNAME | 10 | DESCRIPTION 


Address inputs. ADRS4— ADRSO form the 5-bit address bus that interfaces the TBC to its host. These inputs 
ADRS4- ADRSO : : | 
specify the TBC register to be read from or written to. 


DATA15-DATAO Data inputs and outputs. DATA15 —-DATAO form the 16-bit bidirectional data bus that interfaces the TBC to its 
host. Data is read from or written to the TBC register using this data bus. 


АА 


Interrupt. INT transmits an interrupt signal to the host. When the TBC requires service from the host, INT is 
ЫШТ (low). INT will remain asserted (low) until the host has completed the required service. 


| № connection 


Read strobe. RD is the active low output enable for the data bus. RD is used as the strobe for reading data from 

the selected TBC register. 

Ready. RDY transmits a status signal to the host. When the TBC is ready to accept a read or write operation 
RDY from the host, RDY is asserted (low). RDY is not asserted (high) when the TBC is in recovery from a read, write, 

command, or reset operation. 

Test clock input. TCKI is the clock input for the TBC. Most operations of the TBC are synchronous to TCKI. 
TCKI When enabled, all target interface outputs change on the falling edge of ТСК!. Sampling of target interface 

inputs are configured to occur on either the rising edge or falling edge of TCKI. 


Test clock output. TCKO distributes TCK to the target(s). The TCKO is configured to be disabled, constant zero, 
TCKO constant one, or to follow ТСКІ. When TCKO follows TCKI, it is delayed to match the delay of generating the 
TDO and TMS signals. 
TDI1—TDI0 Test data inputs. The TDI1—TDIO serial inputs are used for shifting test data from the target(s). The TDI inputs 
can be directly connected to the TDO pin(s) of the target(s). 
TDO Test data output. TDO is used for shifting test data into the target(s). TDO can be directly connected to the TDI 
terminal(s) of the target(s). 
Test mode select outputs. These parallel outputs transmit TMS signals to the target(s), which direct them 
TMS1-TMSO through their TAP controller states. ТМ$1-ТМ$0 can be directly connected to the TMS terminals of the 
target(s). 


TMS5-TMS2/ Test mode select outputs or event inputs/outputs. These I/Os can be configured for use as either TMS outputs 
or event inputs/outputs. As TMS outputs, they function similarly to ТМ51 – TMSO above. As event I/Os, they 
EVENTS3- EVENTO ) = Е 
can be used to receive/transmit interrupt signals to/from the target(s). 


TOFF Test-off input. TOFF is the active low output disable for all outputs and I/Os of the target interface (TCKO, TDO, 
TMS, TMS/EVENT). 


Test-reset input. TRST is used to initiate hardware and software reset operations of the TBC. Hardware reset 
begins when TRST is asserted (low). Software reset begins when TRST is released (high) and proceeds 
synchronously to TCKI to completion in a predetermined number of cycles. 


Write input. WR is the strobe for writing data to a TBC data register. Signals present at the data and address 
buses are captured on the rising edge of WR. 


Г |  [Suppyvotags 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 


Supply voltage талде; VEG: 5а ee noe Sea А Рі ee ee о ыза eed -0.5Vto7V 
Input voltage range, Vj (see Note 1) ................................................. -0.5 V to Усс 
Output voltage range, Мо (see Note 1) .............................................. —0.5 V to Усс 
Input clamp current, цк (Vj «&O or Vj» Voe) ......- cece ee eee ee eee III In +20 mA 
Output clamp current, log (Мо < 0 ог Мо > Мас) -........................................... +20 mA 
Continuous output current, lo (Мо = 0to Мос) ............................................... +25 mA 
Maximum power dissipation at Ta = 55°C (in still air) (see Note 2): FN package РАР А kS 1.5W 
Storage temperature range, Таја ................................................. —65?C to 150°C 


t Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1. The input and output voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 

2. The maximum package power dissipation is calculated using a junction temperature of 150°C and a board trace length of 75 mils. 
For more information, refer to the Package Thermal Considerations application note in the ABT Advanced BICMOS Technology Data 
Book, literature number SCBD002. 


recommended operating conditions 


Ncc бариера 88 | 45 55 | 
н Hon E 
ый T T ee 
0 Voc 

















SN54ACT8990 SN74ACT8990 
UNIT 
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electrical characteristics over recommended operating free-air temperature range (unless 


otherwise noted) 
ТА = 25°C SN54ACT8990 | SN74ACT8990 
TEST CONDITIONS UNIT 
Мн ТУРЕ МАХ| MIN MAX | 


PARAMETER 
VOH 
VOL 









он = -20 бє = = == 

Усс=45у ҚОН p^ 
lop--8mA | 37 . ^J). J| 37 O 
Пон = 20 А | 54 | 54 | 

усс-55у [ОН ИА 
оня ВМА | az 
Уссе45у [loi = 20 uA | 
{05.5 V loL = 8 mA — 


WR, ТСК! Voc = 5.5 V, = Voc or GND 


™ Bee Voc =5.5V l= УСС 
М = GND -70 -250 -250 


INT, RDY, TCKO, 
loz то р == но 
DATA, Voc =5.5V O CG 


TMS/EVENT Vo = GND -70  -250 -250 -250 


Voc = 5.5 М, 
М = Vcc or GND 450" 
i lo = 0, 
cc Voc =5.5V, CL = 50рЕ 
{clock = 30 MHz 
АКЕ 
5522221 


VI = Voc or GND — 


-35 -250 


= 





Vi = Voc or GND 
VI = Усс or GND 


1 2 products compliant to MIL-PRF-38535, this parameter does not apply. 
t Typical values are at Vcc = 5 V. 
+ For /О ports, the parameter loz includes the input leakage. 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (see Figure 1) 


SN54ACT8990 SN74ACT8990 
| MN Max | MN MAX | № 


(god. Godk frequency | Го эро зо ын | 


RD owt Са | 
- 
- 













WR low 

EVENT high or low 
TCKI high or low 
TRST low 

ADRSt before ВОТ 
ADRS before WRT 
DATA before WRT 
tsu Setup time EVENT before TCKIT 


о | n — | 
EVENT before ТОК oe ee 





tw Pulse duration 



















TDI before TCKIT 
TDI before TCKIL 
ADRSt after ВОТ 
ADRS after WRT 
DATA after МАТ 
th Hold time EVENT after TCKIT 
EVENT after ТСКН, 
TDI after TCKIT 
TDI after ТОК 
t Applies only in the case where ADRS (4-0) = 10110 (read buffer). 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (see Figure 1) 


FROM TO SN54ACT8990 | 5М74АСТ8990 
PARAMETER (КРОТ) (OUTPUT) “мн мах | мн мах | UNIT 


ПЕРИ T MSN eA = 5 АС 720 
i Пе | ве 53 
pu = 
ен. Сев s зз 
т е - 
NE 
em bad |. We. leuc maro 
TORT ШЕННЕН: БЕНЕН ври вв 
TOKI TOKO __за т | за ма [№ | 















=-= 

о 

— 
~ 
о 
-. 
о 















| тои 23 159 
БЫН TOKI TCKO 

(PHL 36 17 3.6 156 
Г в | 2s 15 

PLH тск 

== === 5.2 20 5.2 17.9 






t 31 19 31 175 
o gl TCKIL 
tPHL 5.1 19 5.1 18.2 
| 15 _ 19 | 15 175 
= RES тски, TMS/EVENT 
[.— "BH o |] 35 20 35 189 


NEN 38 21 | 38 176 
| tee 68 226 

кы ИЕН БЕЛЕЕ та 49 153 

— UM | __ у | 36 19 | 36 153 


аа P s: 
кл == TOKI TCKO 
Па | 48 20 48 174 
a | 4277195 
pe ток 
— 16.29 || 5 177 
t 46 23 46 199 
S zH ИН тски, 
га По | вт таа 


t |. 2. 21 | 2 188 | 
PZH тски, TMS/EVENT 
tPZL | | 32 20 | 32 187 


tPZH 4.6 16 46 122 
TOFFT TCKO 
Ра sa | 31 108 
tPZH T 44 15 44 122 
Р ТОЕЕТ TDO 
tPZL 3.5 14 3.5 108 
HERR $1 162 31 1427 
sede TOFFT TMS 
tPZL 19 167 19 13.6 
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switching characteristics over recommended ranges of supply voltage and operating free-air 


temperature (continued) (see Figure 1) 
SN54ACT8990 | 5М74АСТ8990 za 
UNIT 


TO 













45 168 | 45 72 
ТОРЕ! TMS/EVENT 
57 2% | 57 208 
DATA 

в 6 | 5 s] 
ва 17 

4.8 17.8 4.8 17.8 

[ва [вл 

TMS/EVENT 

4.2 20 4.2 19.9 






оо 
Rls 
N 
4 
= 
o 
4 
< 
= 
с 
2 


{РН 
ТОЕЕТ TMS/EVENT 
tPzL 
PHZ DATA 
PHZ TCKIL TCKO 
48 211 
51 217 DES. 
PHZ тски, TDO 
5 207 | 5 203 | 
— ша | өз 219 | 
PHz тски, 
—45-200 1 UM 
PHz TCKIL TMS/EVENT 
tPLZ DUE GEO DM 
HS | __5 156 | 5 154 | 
PHz ТОРЕ! TCKO 
tPLZ 44 15.5 
56 166 Сана 
Puz ТОРЕ TDO 
tPLZ 46 154 
48 17.1 
8224 ТОРЕ! 
44 15.8 
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PARAMETER MEASUREMENT INFORMATION 


TEST | s | 


tPLH/tPHL Open 
tPLZ/tPzL Усс 
tpHz/tpZH GND 


о УСС 
О Ореп 


| GND 


$1 
1kQ 
From Output 


Under Test 


CL = 50 pF 
(see Note A) | 


LOAD CIRCUIT 
------------ 3V 
Timing Input 1.5V 

|М.------------ оу 

| | | 

| tsu th | 
| | ЗУ 

Datalnput 1.5V 1.5 V 
ov 
VOLTAGE WAVEFORMS 

SETUP AND HOLD TIMES 

------------ 3V 
Input 1.5 V 1.5 V 
| | | | ov 
| 
Th мда: к tPHL 
| | VOH 
VoL 
VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 


NOTES: А. OC, includes probe and jig capacitance. 





VOLTAGE WAVEFORMS 
PULSE DURATION 





Output 
Control 
(high-level 
enabling) 
№ | , 
Output | | | | Усс 
Waveform 1 50% Усс 10% Voc 
$1 аУсс | — — = ү 
OL 
(see Note B) | tpyz Ф) le- 
t 
Output ран > за | у 
Waveform 2 ое... “ОН 
S1 at GND 50% Voc 20% УСС 
(see Note B) “0у 
VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 


B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 


о o 


. All input pulses are supplied by generators having the following characteristics: PRR < 10 MHz, Zo = 50 О, tr < 3 ns, {< 3 ns. 
For testing pulse duration: tr = tf = 1 to 3 ns. Pulse polarity can be either high-to-low-to-high or low-to-high-to-low. 
. The outputs are measured one at a time with one transition per measurement. 


Figure 1. Load Circuit and Voltage Waveforms 
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№ © Member of the Texas Instruments SCOPE™ e Performs Parallel-Signature Analysis (PSA) 


Family of Testability Products of Data Inputs With User-Definable 

€ Compatible With the IEEE Standard Feedback 
1149.1-1990 (JTAG) Test Access Port and ә Data Inputs Are Maskable During PSA 
Boundary-Scan Architecture Operations 

© Contains a 1024-Word by 16-Bit © Cascaded PSA Mode Allows Compression 
Random-Access Memory (RAM) to Store of Parallel Data Paths Greater Than 16 Bits 
the States of a Digital Bus in Width 

е Test Operations Are Synchronous to the ө Direct Memory Access (DMA) Speeds 
Test Clock or System Clock(s) Memory and Register File Read/Write 

• Contains Texas Instruments Event Operations 
Qualification Module for Real-Time System © Power-Down Mode When RAM Is Idling 
Test Reduces Power Dissipation 

€ Eight Protocols for On-Line Signal е EPIC™ (Enhanced-Performance Implanted 
Monitoring and Test Operations CMOS) 1-шт Process 

9 Inputs Are TTL-Voltage Compatible о Packaged in 28-Pin Plastic Chip Carriers 

FN PACKAGE 
(TOP VIEW) 





description 


The SN74ACT8994 digital bus monitor (DBM) is a member of the Texas Instruments SCOPE™ testability 
integrated-circuit family. This family of components supports IEEE Standard 1149.1-1990 (JTAG) boundary 
scan to facilitate testing of complex circuit-board assemblies. The DBM is a boundary-scannable device 
designed to monitor and/or store the values of a digital bus up to 16 bits in width. It resides in parallel with the 
bus being monitored. 


Data at the D-input pins can be stored in a scannable random-access memory (RAM). Up to 1024 words of 
16 bits can be stored. A parallel-signature analysis (PSA) can be performed on the data or on the contents of 
memory. The PSA operations use а linear-feedback shift-register technique to compress data into a signature. 
The user can configure the device to mask any combination of data inputs and control the feedback used during 
PSA operations. 


SCOPE and EPIC are trademarks of Texas Instruments Incorporated. 





PRODUCTION DATA information Is current as of fublication date. Copyright © 1996, Texas Instruments Incorporated 
Products conform to specifications per the terms of Texas Instruments On products compliant to MIL-PRF-38535, all parameters are tested 


standard warranty. Production processing does not necessarily Include 
tasting of all parameters. EXAS uriess otherwise noted. On all other products, production 


processing does not necessarily Include testing of all parameters. 
TEXAS rs 
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description (continued) 


The DBM receives instructions via the IEEE Standard 1149.1-1990 test access port (TAP) interface. The TAP 
interface consists of test clock (TCK), test mode select (TMS), test data input (TDI), and test data output (TDO) 
pins. 


The DBM can be operated in the off-line mode or the on-line mode. In the off-line mode, the device performs 
test operations independent of system conditions. Off-line test operations include parallel-signature analysis 
(PSA) on the contents of RAM and external test. 


In the on-line mode, the DBM can be configured to perform test operations that are initiated based on system 
conditions and that operate synchronously to a logical combination of one or more system clocks. The device 
allows sample, storage, and/or PSA operations to be performed according to one of eight protocols. Compare 
patterns, which can be stored in the event-qualification module (EQM), allow the user to define specific values 
of the 16-bit bus for which the test operations are to be performed. 


The 1024-word by 16-bit RAM and the EQM register files can be serially accessed using 
IEEE-Standard-1149.1-1990-compatible read and write instructions. However, direct memory access (DMA) 
instructions also are provided to speed transfer of large amounts of data to and from the RAM and EQM. 


The polynomial input/output (PIO) is a bidirectional pin used to cascade more than one DBM to provide 
signature analysis on a bus larger than 16 bits. 


The SN74ACT8994 is characterized for operation from 0°C to 70°C. 
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functional block diagram 


EQI 


CLK1 


CLK2 


CLK3 


DO 


D1 


D2 


D3 


D4 


05 


06 


07 


D8 


D9 


D10 


D11 


D12 


D13 


D14 


D15 


Boundary-Scan О | 


| 
Es 


Control/ 
Bypass/ 
Header Registers 


> 18 Eqo 


16 Бо 










13 


М TDO 


TAP Controller/ 
Instruction Register 


VN У УУУУУУУУУУУУУУУУУУУУ 
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Terminal Functions 


TERMINAL 
yo DESCRIPTION 
NAME 
CLK1, CLK2, CLK3 Clock 1, 2, апаз. СІК1-СІКЗ provide various types of system clock and control signals to the 
DBM for the purpose of synchronizing test operations to the system under test. 


Us be 52 s = : UR 25 Data bus inputs. 015-00 form the 16-bit digital bus that is monitored by the DBM. Data that 
ber eo appears at this bus can be compressed into a 16-bit signature and/or stored in the 1024-word 


D10, D11, D12, 24, 23, 22, : iri X 6 
D13, D14, 015 21, 20, 19, 18 RAM. Each data bit can be individually masked during test operations. 





















Event-qualification input. ЕСІ is used to receive an external (global) event signal from 
user-defined event-qualification logic. EQ! can be configured to initiate test operations in the 
on-line mode. 












Event-qualification output. EQO is used to transmit any of several internally generated status 


EQO 15 signals. EQO can be configured to transmit internal (local) event signals to external (global) 
event-qualification logic. 


ъъ = | wm 2222... 


Polynominal input/output. PIO is used to cascade more than one DBM to provide signature 
PIO 16 МО | analysis on a bus larger than 16 bits. Its configuration as an input or output for a particular DBM 

device depends on the significance (most, middle, or least) of that DBM in the scan path. 

Test clock. One of four pins required by IEEE Standard 1 149.1-1990. Scan operations of the 
TCK 11 

DBM through its TAP controller states. An internal pullup forces TMS to a high level if left 

unconnected. 


DBM are synchronous to ТСК. Data is captured on the rising edge of ТСК, and outputs change 
[voc з | [ору хонае 


on the falling edge of TCK. 
detailed description 


























Test data input. One of four pins required by IEEE Standard 1149.1-1990. TDI is the serial input 
for shifting data through the instruction register or selected data register. An internal pullup 
forces TDI to a high level if left unconnected. 


ЕЕ data output. One of four pins required by IEEE Standard 1149.1-1990. TDO is the serial 
ЕС for shifting data through the instruction register or selected data register. 


Test mode select. One of four pins required by IEEE standard 1149.1-1990. TMS directs the 













The general architecture of the DBM is shown in the functional block diagram. The DBM contains eight data 
registers and an instruction register that are accessed serially through the TAP. The TAP controller is a 
finite-state machine that issues control and enable signals throughout the device, based on its current state. 
The instruction register (IR) provides additional control signals that are specific to the current instruction. Test 
data is transmitted serially from TDI through the scan path to TDO. The IR or one of the eight data registers is 
always selected in the scan path by the TAP control signals issued to the TDO multiplexer. 


The 1024-word RAM can be used to store data from the bus being monitored during test operations. The RAM 
is accessed via the TAP interface when the RAM register (RAMR) is selected in the scan path. 


The event-qualification module (EQM) contains two data registers that contain configuration, compare, and 
mask data associated with on-line test operations. The EQM also contains the state machines for the eight 
protocols that include various start/stop, start/pause/resume, and do-while algorithms. These protocols 
operate synchronously to the clock signal generated by the programmable clock interface (PCI). The PCI 
generates a clock signal from one of 32 different logical combinations of CLK1, CLK2, CLK3, and TCK. The user 
configures the PCI through the control register (CTLR). 





38 TEXAS 
INSTRUMENTS 


8-48 POST OFFICE BOX 655303 © DALLAS, TEXAS 75265 


SN74ACT8994 
DIGITAL BUS MONITOR 
IEEE STD 1149.1 (JTAG) SCAN-CONTROLLED LOGIC/SIGNATURE ANALYZER 


SCAS196E - JULY 1990 - REVISED DECEMBER 1996 


detailed description (continued) 


The test-cell register (TCR) is a data register that performs PSA operations on the data bus or on the contents 
of RAM. During PSA operations, the TCR is a linear-feedback shift register. The CTLR configures the data 
masking and controls the feedback for PSA operations. The boundary-scan register (BSR), header register 
(HR), and bypass register (BR) are data registers that can be serially accessed through the TAP interface. 


instruction register 


The 8-bit instruction register (IR) contains the DBM current instruction, which controls all operations of the 
device. When the IR is placed in the scan path, the IR status word is loaded into the IR and shifted out on TDO 
when the new instruction is shifted in. 


The IR status word contains four status bits. The IRERR status bit is asserted when an opcode that does not 
exhibit even parity is loaded into the IR. The OVF status bit is asserted when the RAM address counter is 
incremented past its maximum value of 3FFh (register value given in hexadecimal format, indicated by the letter 
h following the value). The RUN and EOT status bits pertain to on-line testing and are asserted when a protocol 
is active (RUN) or the end of the protocol is reached (EOT). 


boundary-scan register 


The boundary-scan register (BSR) is a 24-bit register that includes one boundary-scan cell (BSC) for each of 
the non-JTAG input and output pins of the device, two BSCs for PIO (one for input data and one for output data), 
and one BSC for the PIO direction signal. The BSR is used to capture the data appearing at the device periphery 
and to apply test data to the device outputs. 


bypass register 


The bypass register (BR) is a 1-bit register required by IEEE Standard 1149.1-1990. It provides an abbreviated 
scan path through the DBM when the current test operations do not require it to access one of the other data 
registers. 


control register 


The 45-bit contro! register (CTLR) issues configuration, contro!, and enable signals to the device. Data shifted 
into the CTLR configures the data mask and feedback for PSA operations. It also configures the programmable 
clock interface and selects the test operations to be performed (see test operations). 


event-qualification register 1 


Event-qualification register 1 (EQR1) is a 32-bit register that configures the DBM for on-line testing 
(event-qualified testing). Data shifted into EQR1 selects and controls one of eight event-qualification protocols 
and configures the event and status signals. The event signal triggers test operations according to the protocol 
being executed. The status signal is output ма EQO. EQR1 also contains the loop counter, which controls the 
number of times an event-qualification protoco! is executed. 


event-quallfication register 2 


Event-qualification register 2 (EQR2) is used to load the event counter, expected data, and mask data 
(16-word-deep register files) for event-qualified tests. Depending on the current instruction, it is either 48 or 56 
bits in length and can be thought of as three 16-bit data segments and two 4-bit address segments. One 4-bit 
address segment addresses the event counter, while the other 4-bit address segment addresses the expected 
data and mask data. 


The register files can be accessed using IEEE-Standard-1149.1-1990-compatible instructions or DMA 
instructions. When using IEEE-Standard-1149.1-1990-compatible instructions, EQR2 is configured as a 56-bit 
register. The data appearing in the 16-bit data segments is loaded into or out of the addresses specified by the 
register's two 4-bit address segments. 
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event-qualification register 2 (continued) 


During execution of the DMA instructions, EQR2 is configured as a 48-bit register containing only the three 
16-bit data segments. Using DMA instructions allows a continuous stream of data to be loaded or unloaded from 
the register files. After each 48th bit of the data stream has been shifted to or from the register files, the register 
file addresses are automatically incremented and the first data bit of the next address is shifted. 


header register 


The header register (HR) is an 8-bit register that initiates DMA write operations on the RAM and on the EQR2 
register files. When a DMA write instruction is active, the data being shifted from TDI to ТОО is compared against 
the current value of the HR and the DMA write operation begins after a match is found. When the value of the 
HR is set to 00h, DMA write operations can only be initiated by the TAP and are not initiated by the TDI-to-TDO 
data flow. 


random-access memory register 


The random-access memory register (RAMR) is used to access the 1024-word RAM. Depending on the current 
instruction, it is either 16 bits or 26 bits in length and can be thought of as a 16-bit data segment and a 10-bit 
address segment. | 


The RAMR сап be accessed using IEEE-Standard-1149.1-1990-compatible instructions or DMA instructions. 
When using the IEEE-Standard-1149.1-1990-compatible instructions, RAMR is configured as a 26-bit register. 
The data appearing in the 16-bit data segment is loaded into or out of the address specified by the register’s 
10-bit address. 


During execution of the DMA instructions, RAMR is configured as a 16-bit register containing only the 16-bit 
data segment. Using DMA instructions allows a continuous stream of data to be loaded or unloaded from the 
register. After each 16th bit of the data stream has been shifted to or from the register, the address is 
automatically incremented and the first data bit of the next address is shifted. 


test-cell register 


The test-cell register (TCR) is a 16-bit register. It can perform PSA operations on the data inputs or on the 
contents of RAM. The resulting signature can be scanned out and compared against an expected value. The 
TCR is also used during test operations to capture the current value of the data bus. 


test operations 


The primary function of the DBM is to perform test operations while monitoring a digital bus. The test operations 
can be initiated by system conditions (on-line mode) or independent of system conditions (off-line mode). The 
description of each of the system test operations follows. 


sample 
The data at the D inputs is captured in the test-cell register and can be shifted out via TDO for inspection. 
parallel-signature analysis 


A parallel-signature analysis (PSA) is performed on the data appearing at the D inputs. The test-cell register 
is configured as a linear-feedback shift register that compresses the data into a signature. The user can 
configure the device to mask data bits from PSA operations and control the feedback of the linear-feedback shift 
register. When an input is masked, it is ignored and has no effect on the generated signature. 


trace 
The data at the D inputs is stored in the RAM. The RAM address is automatically incremented after each write 
cycle. The device can be configured to clear the RAM address to 000h at the beginning of test execution. It also 


can be configured to allow write cycles to continue after the maximum address 3FFh is reached (thus clearing 
the address to 000h and overwriting data). 
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trace/PSA 


The trace and PSA operations are executed simultaneously. All the configuration options for the trace and PSA 
operations are available for trace/PSA. 


In the off-line mode, system test operations are performed via the TAP controller. This is done independent of 
system conditions. 


In the on-line mode, the device is configured to perform system test operations that are dependent on system 
conditions (event-qualified testing) and synchronous to the system clock(s). Eight different event-qualification 
protocols offer a wide range of test schemes that control when system test operations take place. 


An event can be configured as a match between expected data from the register files and data at the D inputs 
(local event-qualified testing). Mask data bits from the register files allow any combination of bits to be ignored 
when the compare takes place. The ЕС! pin can also be configured as an eventto trigger system test operations 
(global event-qualified testing). The device can be configured to output one of several different status signals 
via EQO. These are used for global event-qualified testing. 


The DBM has instructions that enable the user to perform a self-test on the RAM. This is done by filling the RAM 
with known values and performing a PSA on its contents. instructions are included to expedite the loading of 
the RAM with known values, as well as to perform PSA on the contents of the RAM. 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 


Supply voltage range, Мос. ish ае ehe var cox Ж өжет ваја es -0.5 Vto7 V 
Input voltage range, Vj (see Note 1) ................................................. —0.5 V to Усс 
Output voltage range, Vo (see Note 1) .............................................. -0.5 V to Vcc 
Input clamp current, Ine (Уре 0 or V > Veo) ................................................ +20 mA 
Output clamp current, lox (Мо < 0 Ог МО > Voc) ..........-.............................. +20 mA 
Continuous output current, lo (Мо = О to Усс) ............................................. +25 mA 
Maximum power dissipation at TA = 55°C (in still air) (see Note 2) ............................... 1.1 W 
Storage temperature range, Туу ......................... HII —65°С to 150°C 


1 Stresses beyond those listed under “absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1. Theinput and output voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 

2. The maximum package power dissipation is calculated using a junction temperature of 150°C and a board trace length of 75 mils. 
For more information, refer tothe Package Thermal Considerations application note п the ABT Advanced BiCMOS Technology Data 
Book, literature number SCBD002. 


recommended operating conditions 


_______________________________| ми мах от 
Усс Supply voltage 4.5 5.5 
VIH High-level input voltage | 2 | [| v | 
VIL Low-level input voltage | oB] V | 
VI Input voltage 0 Усс 
Vo U Output voltage 
| High-level output current Eure 
E MED ылады Po roo | — | " 
| Low-level output current CoN 2“ | 
2 : PIO, TDO еди 
ТА Operating free-air temperature —— 
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electrical characteristics over recommended operating free-air temperature range 


| PARAMETER — | TEST CONDITIONS MIN ТҮРІ MAX] UNIT 
luce c epo 
Voc =4.5 У OH 
[он = -4 тА Car 
зм 
Voc = 55V ОН 
ТРЕТ [gg er та 


s Sie ee ed 
ебі Понелеля Е = 
PIO, TDO QUT 








Он = mA = 
я —= 


они ose 
Voc = 4.5 V to 5.5 V 
Sera | ОИС 


PIO, ТОО Voc = 4.5 V to 5.5 У 
loL = 16 ПА 












“Мер ШЙ 






Иж ar] 

ПА у) o os 

[сї D EG TK [Voc 55У, Vis Voc or GND p 

Vc 55, м УСС рии 

Тоти |Мос-55у Vj= GND CONE] 

Vec = 55У, Vo = Усс or GND 

Voc 55V. М = Voc or GND, lo=0 — - 

Voc = 5.5 V, М = Vcc or GND, lo=0 
Other inputs at Усс or GND 

а _________|мемстао ря | 
Gg — — о-сәео 1”. 
e ооо 1” Tej 


* On products compliant to MIL-PRF-38535, this parameter does not apply. 
T Typical values are at Vcc = 5 V, TA = 25°C. 
+ For ИО pins, the parameter loz includes the input-leakage current. 


timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (see Figure1) 



















Any CLK (except during PSARAM instruction)S 
ТСК (except during PSARAM instruction)S | | о 5 MHz 
Any CLK or TCK (during PSARAM instruction)§ о 17 


ы Pulse duration | AnyClKorTOKhighorlow № | 
Uie TO: — — — — — — ОЕ 
мое 

Setup time 






fclock Clock frequency 








Fany D before any клек ИСИ 
[EGIbelow any кк —— — — [2 
тонау 
ЕССЕ — 
памет 8 
EaatrawCIKorTK р 2 
Роу 

a Dsi [Pwer — [m њ | 


6 The PSARAM instruction performs а parallel-signature analysis on the contents of RAM. This instruction is provided to allow self-test of the RAM. 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (see Figure 1) 


FROM TO 
PARAMETER (INPUT) (OUTPUT) 


Any CLK (except during PSARAM instruction) f 
ТСК (except during PSARAM instruction) T 
Any CLK or ТСК (during PSARAM instruction) t 


ч 


~ 





t The PSARAM instruction performs a parallel-signature analysis on the contents of RAM. This instruction is provided to allow self test of the RAM. 
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PARAMETER MEASUREMENT INFORMATION 


о УСС 
$1 
о 
From Output i: Open 
Under Test GND 
CL =50 pF 
(see Note A) 
LOAD CIRCUIT 
Timing Input 1.5 V 
Г“------------- оу 
| | | 
| tsu th | 
| | 3v 
Data Input : 1.5V 
ov 
VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 
= = зу 
Input 1.5V 1.5V 
| оу 
e || 
РІН. 71 | 
| = tPHL 
| | Мон 
Output К 50% МСС 50% Усс 
VoL 
VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 


NOTES: А. С) includes probe and jig capacitance. 
B 


тег | $ | 







tPLH/rPHL Open 
tPLZz/tPzL Vcc 
tpHz/tpzH GND 





VOLTAGE WAVEFORMS 
PULSE DURATION 


Output 
Control 
(low-level 
enabling) 


Output 
Waveform 1 
51 at Voc 
(see Note B) 





Waveform 2 
909 
$1 а GND 50%усс 50% УСС 
(see Note В) “0 V 


VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 


` 


. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 
C. All input pulses are supplied by generators having the following characteristics: PRR < 10 MHz, Zo = 50 О, tr < 3 ns, ts 3 ns. 
For testing pulse duration: tp = tt = 1 to 3 ns. Pulse polarity can be either high-to-low-to-high or low-to-high-to-low. 
D. The outputs are measured one at a time with one transition per measurement. 


Figure 1. Load Circuit and Voltage Waveforms 
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е Members of Texas Instruments Broad SN54ABT8996 ... JT PACKAGE 
Family of Testability Products Supporting SN74ABT8996 ... DW OR PW PACKAGE 
IEEE Std 1149.1-1990 (JTAG) Test Access (ТОР VIEW) 

Port (TAP) and Boundary-Scan Architecture 


€ Extend Scan Access From Board Level to 
Higher Levels of System Integration 


9 Promote Reuse of Lower-Level 
(Chip/Board) Tests in System Environment 


ө Switch-Based Architecture Allows Direct 
Connect of Primary TAP to Secondary TAP 


€ Primary TAP Is Multidrop for Minimal Use of 
Backplane Wiring Channels 


€ Simple Addressing (Shadow) Protocol 15 
Received/Acknowledged on Primary TAP 


ө Shadow Protocols Can Occur in Any of 
Test-Logic-Reset, Run-Test/Idle, Pause-DR, 
and Pause-IR TAP States to Provide for SN54ABT8996 . .. FK PACKAGE 
Board-to-Board Test and Built-In Self Test (TOP VIEW) 


€ 10-Bit Address Space Provides for up to 
1021 User-Specified Board Addresses 


© Bypass (BYP) Pin Forces 
Primary-to-Secondary Connection Without 
Use of Shadow Protocols 

€ Connect (CON) Pin Provides Indication of 
Primary-to-Secondary Connection 

€ High-Drive Outputs (-32-тА Іон, 64-mA 101) 
Support Backplane Interface at Primary and 
High Fanout at Secondary 

€ Package Options Include Plastic Small- 
Outline (DW) and Thin Shrink Small- 
Outline (PW) Packages, Ceramic Chip 
Carriers (FK), and Ceramic DIPs (JT) 








NC - No internal connection 


description 


The'ABT8996 10-bit addressable scan ports (ASP) are members of the Texas Instruments SCOPE™ testability 
integrated-circuit family. This family of devices supports IEEE Standard 1149.1-1990 boundary scan to facilitate 
testing of complex circuit assemblies. Unlike most SCOPE™ devices, the ASP is not a boundary-scannable 
device, rather, it applies Tl's addressable-shadow-port technology to the IEEE Standard 1149.1-1990 (JTAG) 
test access port (TAP) to extend scan access beyond the board level. 


Conceptually, the ASP is a simple switch that can be used to directly connect a set of multidrop primary TAP 
signals to a set of secondary TAP signals — for example, to interface backplane TAP signals to a board-level 
TAP. The ASP provides all signal buffering that might be required at these two interfaces. When primary and 
secondary TAPs are connected, only a moderate propagation delay is introduced — no storage/retiming 
elements are inserted. This minimizes the need for reformatting board-level test vectors for in-system use. 


SCOPE is a trademark of Texas Instruments Incorporated. 
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description (continued) 


Most operations of the ASP are synchronous to the primary test clock (PTCK) input. This PTCK signal is always 
buffered directly onto the secondary test clock (STCK) output. 


Upon power up of the device, the ASP assumes a condition in which the primary TAP is disconnected from the 
secondary TAP (unless the bypass signal is used, as below). This reset condition also can be entered by the 
assertion of the primary test reset (PTRST) input or by use of shadow protocol. The PTRST signal is always 
buffered directly onto the secondary test reset (STRST) output, ensuring that the ASP and its associated 
secondary TAP can be reset simultaneously. 





When connected, the primary test data input (PTDI) and primary test mode select (PTMS) input are buffered 
onto the secondary test data output (STDO) and secondary test mode select (STMS) output, respectively, while 
the secondary test data input (STDI) is buffered onto the primary test data output (PTDO). When disconnected, 
STDO is at high impedance, while PTDO is at high impedance, except during acknowledgement of a shadow 
protocol. Upon disconnect of the secondary TAP, STMS holds its last low or high level, allowing the secondary 
TAP to be held in its last stable state. Upon reset of the ASP, STMS is high, allowing the secondary TAP to be 
synchronously reset to the Test-Logic-Reset state. 


In system, primary-to-secondary connection is based on shadow protocols that are received and acknowledged 
on PTDI and PTDO, respectively. These protocols can occur in any of the stable TAP states other than Shift-DR 
or Shift-IR (i.e., Test-Logic-Reset, Run-Test/Idle, Pause-DR or Pause-IR). The essential nature of the protocols 
is to receive/transmit an address via a serial bit-pair signaling scheme. When an address is received serially 
at РТО! that matches that at the parallel address inputs (А9-А0), the ASP serially retransmits its address at 
PTDO as an acknowledgement and then assumes the connected (ON) status, as above. If the received address 
does not match that at the address inputs, the ASP immediately assumes the disconnected (OFF) status without 
acknowledgement. 


The ASP also supports three dedicated addresses that can be received globally (that is, to which all ASPs 
respond) during shadow protocols. Receipt of the dedicated disconnect address (DSA) causes the ASP to 
disconnect in the same fashion as a non-matching address. Reservation of this address for global use ensures 
that at least one address is available to disconnect all receiving ASPs. The DSA is especially useful when the 
secondary TAPs of multiple ASPs are to be left in different stable states. Receipt of the reset address (RSA) 
causes the ASP to assume the reset condition, as above. Receipt of the test-synchronization address (TSA) 
causes the ASP to assume a connect status (MULTICAST) in which PTDO is at high impedance but the 
connections from PTMS to STMS and PTDI to STDO are maintained to allow simultaneous operation of the 
secondary TAPs of multiple ASPs. This is useful for multicast TAP-state movement, simultaneous test operation 
(such as in Run-Test/Idle state), and scanning of common test data into multiple like scan chains. The TSA is 
valid only when received in the Pause-DR or Pause-IR TAP states. 


Alternatively, primary-to-secondary connection can be selected by assertion of a low level at the bypass (BYP) 
input. This operation is asynchronous to PTCK and is independent of PTRST and/or power-up reset. This 
bypassing feature is especially useful in the board-test environment, since it allows the board-level automated 
test equipment (ATE) to treat the ASP as a simple transceiver. When the BYP input is high, the ASP is free to 


respond to shadow protocols. Otherwise, when BYP is low, shadow protocols are ignored. 

Whether the connected status is achieved by use of shadow protocol or by use of BYP, this status is indicated 
by alow level atthe connect (CON) output. Likewise, when the secondary TAP is disconnected from the primary 
TAP, the CON output is high. 


The $№54АВТ8996 is characterized for operation over the full military temperature range of -55°C to 125°C. 
The SN74ABT8996 is characterized for operation from —40°C to 85°C. 
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FUNCTION TABLE 
SHADOW-PROTOCOL PRIMARY-TO-SECONDARY 
STRST STCK STMS  STDO PTDO СОМ CONNECT STATUS 
PTCK Ht PTDI — STDI BYP/TRSTT 
PTCK  PTMS РТМ STD ` BYP 
PTCK H 2 2 TRST 
RESET PTCK H 2 2 ВЕЗЕТ 
МАТСН РТСК PTMS PTDI 570! ON 
NO MATCH PTCK STMSpS 2 2 OFF 
HARD ERROR! PTCK  STMSQS 2 2 ОЕЕ 
. DISCONNECT PTCK STMSọ 7 2 OFF 
TEST SYNCHRONIZATION PTCK PTMS РТО! MULTICAST 


t Shadow protocols are received serially via PTCK and PTDI and acknowledged serially via PTCK and PTDO under certain conditions in which 
PTMS is static low or static high (see shadow protocol). The result shown here follows any required acknowledgement. 

t In normal operation of IEEE Std 1149.1-compliant architectures, it is recommended that TMS be high prior to release of TRST. The BYP/TRST 
connect status ensures that this condition is met at STMS regardless of the applied PTMS. Also, it is recommended that STMS be kept high for 
a minimum duration of 5 PTCK cycles following assertion of PTRST, either by maintaining PTRST low or by setting PTMS high. This ensures 
that ICs both with and without TRST inputs are moved to their Test-Logic-Reset TAP states. It is expected that in normal application, this condition 
will only occur when BYP is fixed at the low state. In such case, upon release of PTRST, the ASP immediately resumes the BYP connect status. 

§ STMS level before indicated steady-state conditions were established 

{The shadow protocol is well defined. Some variations in the protocol are tolerated (see protocol errors). Those that are not tolerated are 
considered hard errors and cause disconnect as indicated. 


3 
< 
0 
9 
- 
[7] 
+ 


I OI OI GE те ты 


L 
L 
H 
H 
H 
H 
H 
H 


= 
I 














functional block diagram 
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Pin numbers shown are for the DW, JT, and PW packages. 
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Terminal Functions 


TERMINAL 
NAME DESCRIPTION | 


Address inputs. The ASP compares addresses received via shadow protocol against the value at А9-А0 to determine 
А9-А0 address match. The bit order is from most significant to least significant. An internal pullup at each A9—AO terminal forces 


the terminal to a high level if it has no external connection. 

БЕЛЕ Bypass input. А low input at BYP forces the ASP into BYP ог BYP/TRST status, depending on PTRST being high or 
B 
G 


ҮР low, respectively. While BYP is low, shadow protocols are ignored. Otherwise, while BYP is high, the ASP is free to 
ON 

ND 

RST 


































respond to shadow protocols. An internal pullup forces BYP to a high level if it has no external connection. 
PTCK 


Connect indicator (output). The ASP indicates secondary-scan-port activity (resulting from BYP, BYP/TRST, 
MULTICAST, or ON status) by forcing CON to be low. Inactivity (resulting from OFF, RESET, or TRST status) is indicated 
PTDI 
PTDO 


when CON is high. 
PTMS 
Otherwise, while PTRST is high, the ASP is free to respond to shadow protocols. An internal pullup forces PTRST to 










Primary test data input. PTD! receives the TDI signal required by IEEE Standard 1149.1-1990. During appropriate TAP 
states, the ASP monitors PTDI for shadow protocols. During shadow protocols, data at PTDI is captured on the rising 
edge of PTCK. When a valid shadow protocolis received in this fashion, the ASP compares the received address against 
the А9-А0 inputs. И the ASP detects a match, it outputs an acknowledgement and then connects its primary TAP 
terminals to its secondary TAP terminals. Under BYP, BYP/TRST, MULTICAST or ON status, the ASP buffers the РТО! 
signal to STDO. An internal pullup forces PTDI to a high level if it has no external connection. 


Primary test data output. PTDO transmits the TDO signal required by IEEE Standard 1149.1-1990. During shadow 
protocols, the ASP transmits any required acknowledgement via the PTDO. The acknowledgement data outputat PTDO 
changes onthe falling edge of PTCK. Under BYP, BYP/TRST, or ON status, the ASP buffersthe PTDO signal from STDI. 
Under OFF, MULTICAST, RESET, or TRST status, PTDO is at high impedance. | 


Primary test mode select. PTMS receives the TMS signal required by IEEE Standard 1149.1-1990. The ASP monitors 
the PTMS to determine the TAP-controller state. During stable TAP states other than Shift-DR or Shift-IR (i.e., 
Test-Logic-Reset, Run-Test-Idle, Pause-DR, Pause-IR) the ASP can respond to shadow protocols. Under BYP, 
MULTICAST, or ON status, the ASP buffers the PTMS signal to STMS. An internal pullup forces PTMS to a high level 
if it has no external connection. 


Primary test reset. PTRST receives the TRST signal allowed by IEEE Standard 1149.1-1990. The ASP always buffers 
PTRST to STRST. A low input at PTRST forces the ASP to assume TRST or BYP/TRST status, depending on BYP being 
high or low, respectively. Such operation also asynchronously resets the internal ASP state to its power-up condition. 















































Primary test clock. PTCK receives the TCK signal required by IEEE Standard 1149.1-1990. The ASP always buffers 
PTCK to STCK. Shadow protocols are received/acknowledged synchronously to PTCK and connect-status changes 
invoked by shadow protocol are made synchronously to PTCK. 
PT 
a high level if it has no external connection. 
STCK Secondary test clock. STCK retransmits the TCK signal required by IEEE Standard 1149.1-1990. The ASP always 
buffers STCK from PTCK. 
Secondary test data input. STDI receives the TDI signal required by IEEE Standard 1149.1-1990. Under BYP, 
STDI BYP/TRST, or ON status, the ASP buffers STDI to PTDO. An internal pullup forces STD! to a high level if it has no external 
connection. 
STDO 
STMS 
Secondary test reset. STRST retransmits the TRST signal allowed by IEEE Standard 1149.1-1990. The ASP always 


STRST buffers STRST from PTRST. 






Secondary test data output. STDO transmits the TDO signal required by IEEE Standard 1149.1-1990. Under BYP, 
BYP/TRST, MULTICAST, or ON status, the ASP buffers STDO from PTDI. Under OFF, RESET, or TRST statug, STDO 
is at high impedance. | ў 


Secondary test mode select. STMS retransmits the TMS signal required бу IEEE Standard 1149.1-1990. Under BYP, 
MULTICAST, or ON status, the ASP buffers STMS from PTMS. When disconnected (аз a result of OFF status), STMS 
maintains its last valid state until the ASP assumes BYP/TRST, RESET, or TRST status (upon which it is forced high) 
or the ASP again assumes BYP, MULTICAST, or ON status. Ч: 
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In application, the ASP is used at each of several (serially-chained) groups of IEEE Std 1149.1-compliant 
devices. The ASP for each such group is assigned an address (via inputs А9-А0) that is unique from that 
assigned to ASPs for the remaining groups. Each ASP is wired at its primary TAP to common (multidrop) TAP 
signals (sourced from a central IEEE Std 1149.1 bus master) and fans out its secondary TAP signals to the 
specific group of IEEE Std 1149.1-compliant devices with which it is associated. An example is shown in 
Figure 1. 


IEEE Std 1149.1- IEEE Std 1149.1- IEEE Std 1149.1- 
Compliant Compliant Compliant 
Device Chain Device Chain Device Chain 


To 
Other 
Modules 
TRST 





Figure 1. ASP Application 


This application allows the ASP to be wired to a 4- or 5-wire multidrop test access bus, such as might be found 
on a backplane. Each ASP would then be located on a module, for example a printed-circuit board (PCB), which 
contains a serial chain of IEEE Std 1149.1-compliant devices and which would plug into the module-to-module 
bus (e.g., backplane). In the complete system, the ASP shadow protocols would allow the selection of the scan 
chain on a single module. The selected scan chain could then be controlled, via the multidrop TAP, as if it were 
the only scan chain in the system. Normal IR and DR scans can then be performed to accomplish the module 
test objectives. 


Once scan operations to a given module are complete, another module can be selected in the same fashion, 
at which time the ASP-based connection to the first module is dissolved. This procedure can be continued 
progressively for each module to be tested. Finally, one of two global addresses can be issued to either leave 
all modules unselected (disconnect address, DSA) or to deselect and reset scan chains for all modules (reset 
address, RSA). 


Additionally, in Pause-DR and Pause-IR TAP states, a third global address (test-synchronization address, TSA) 

can be invoked to allow simultaneous TAP-state changes and multicast scan-in operations to selected modules. 

This is especially useful in the former case, for allowing selected modules to be moved simultaneously to the 

Run-Test-ldle TAP state for module-level or module-to-module built-in self-test (BIST) functions, which operate 

synchronously to ТСК in that TAP state, and in the latter case, for scanning common test setup/data into multiple - 
like modules. 
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architecture 


Conceptually, the ASP can be viewed as a bank of switches that can connect or isolate a module-level TAP 
to/from a higher-level (e.g., module-to-module) TAP. This is shown in Figure 2. The state of the switches (open 
versus closed) is based on shadow protocols, which are received on PTDI and are synchronous to PTCK. 


The simple architecture of the ASP allows the system designer to overcome the limitations of IEEE Std 1149.1 
ring and star configurations. Ring configurations (in which each module's TDO is chained to the next module's 
TDI) are of limited use in backplane environments, since removal of a module breaks the scan chain and 
prevents test of the remainder of the system. Star configurations (in which all module TDOs and ТОЈ аге 
connected in parallel) are suited to the backplane environment, but, since each module must receive its own 
TMS, are costly in terms of backplane routing channels. By comparison, use of the ASP allows all five IEEE 
Std 1149.1 signals to be routed in multidrop fashion. 


А9-А0 





ВУР CON 
PTDO STDI 
PTCK STCK 
ream] m 4 
PTDI STDO 
PTRST STRST 





Figure 2. ASP Conceptual Model 


As shown in the functional block diagram, the ASP comprises three major logic blocks. Blocks for 
shadow-protocol receive and shadow-protocol transmit are responsible for receipt of select protocol and 
transmission of acknowledge protocol, respectively. The соппесі-сопіго! block is responsible for TAP-state 
monitor and address matching. 


Some additional logic is illustrated outside of these major blocks. This additional logic is responsible for 
controlling the activity of the ASP outputs based on the shadow-protocol result and/or protocol bypass [as 
selected by an active (low) BYP input]. 
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shadow protocol 


Addressing of an ASP in system is accomplished by shadow protocols, which are received at PTDI 
synchronously to PTCK. Shadow protocols can occur only in the following stable TAP states: Test-Logic-Reset, 
Run-Test/Idle, Pause-DR, and Pause-IR. Shadow protocols never occur in Shift-DR or Shift-IR states in order 
to prevent contention on the signal bus to which PTDO is wired. Additionally, the ASP PTMS must be held at 
a constant low or high level throughout a shadow protocol. If TAP-state changes occur in the midst of a shadow 
protocol, the shadow protocol is aborted and the select-protocol state machine returns to its initial state. 


The shadow protocol is based on a serial bit-pair signaling scheme in whichtwo bit-pair combinations (data one, 
data zero) are used to represent address data and the other two bit-pair combinations (select, idle) are used 
for framing — that is, to indicate where address data begins and ends. 
These bit pairs are received serially at PTD! (or transmitted serially at PTDO) synchronously to PTCK as follows: 
- The idle bit pair (I) is represented as two consecutive high signals. 
— The select bit pair (S) is represented as two consecutive low signals. 
— The data-one bit pair (D) is represented as a low signal followed by a high signal. 
— The data-zero bit pair (D) is represented as a high signal followed by a low signal. 


PTDI 

or 

PTDO 
PTCK | | | | | | 


First Bit of Pair Is Transmitted 
First Bit of Pair Is Recelved 
Second Bit of Pair Is Transmitted 
Second Bit of Palr Is Received 


Е 


Figure 3. Bit-Pair Timing (Data Zero Shown) 


A complete shadow protocol is composed of the receipt of a select protocol followed, if applicable, by the 
transmission of an acknowledge protocol (which is issued from PTDO only if the received address matches that 
at the А9-А0 inputs). Both of these subprotocols are composed of ten data bit pairs framed at the beginning 
by idle and select bit pairs and at the end by select and idle bit pairs. This is represented in an abbreviated 
fashion as follows: ISDDDDDDDDDDSI. Figure 4 shows a complete shadow protocol (the symbol T is used to 
represent a high-impedance condition on the associated signal line — since the high-impedance state at PTDI 
is logically high due to pullup, it maps onto the idle bit pair). 


Receivedat PTDI T I S D D D D D D D D D TTTTTTTTTTTTT 
TransmittedatPTDO T T T T T T T T T T T T DDDDDDDDDDSIT 


MSB 


21] 2 1 1 


Primary Тар Is Inactive 

Select Protocol Begins 

Select Protocol Ends 
Acknowledge Protocol Begins 
Acknowledge Protocol Ends 


Primary-to-Secondary Connect, 
Scan Operations Can Be Initiated 





Figure 4. Complete Shadow Protocol 
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select protocol 


The select protocol is the ASP's means of receiving (at PTDI) address information from an IEEE Std 1149.1 bus 
master. It follows the ISDDDDDDDDDDSI sequence described previously. A 10-bit address value is decoded 
from the received data-one and/or data-zero bit pairs. These bit pairs are interpreted in least-significant-bit-first 
order (that is, the first data bit pair received is considered to correspond to AO). 


Ф 


acknowledge protocol 


Following the receipt of a complete select-protocol sequence, the protocol result provisionally is set to NO 
MATCH and the connect status set to OFF. The received address is then compared to that at the ASP address 
inputs (А9-А0). If these address values match, the ASP immediately (with no delay) responds with an 
acknowledge protocol transmitted from PTDO. This protocol follows the ISDDDDDDDDDDSI sequence 
described previously. The transmitted address represents the address of the selected ASP which, by definition, 
is the same address the ASP received in the select protocol. The 10-bit address value is encoded into data-one 
and/or data-zero bit pairs. The bit pairs are to be interpreted in least-significant-bit-first order (that is, the first 
data bit pair transmitted is to be considered to correspond to А0). If the received address does not match that 
at the A9—AO0 inputs, no acknowledge protocol is transmitted and the shadow protocol is considered complete. 


protocol errors 


Protocol errors occur when bit pairs are received out of sequence. Some of these sequencing errors can be 
tolerated and are termed softerrors. No specific action occurs as the result of a soft error. Other errors represent 
cases where the addressing information could be incorrectly received and are termed hard errors. Hard errors 
are characterized by sequences in which at least one bit of address data has beenproperly transmitted followed 
by a sequencing error. When a hard error occurs, any connection to an ASP is dissolved. 


Table 1 lists the bit-pair sequences that result in soft errors and hard errors. A hard error also results when the 
primary TAP state changes during select protocol following the proper transmission of at least one bit of address 
data. Figures 16 and 17 show shadow-protocol timing in case of protocol hard error while Figure 18 shows 
shadow-protocol timing in case of protocol soft error. 


Table 1. Shadow-Protocol Errorst 
(б)! 
\(D)(S)I 





















I(D)(S)(D)! Ее 
(5)! IS(D)S(S)! 
IS(S)(D)! 


15(5)(0)(5)! 


ТА bitpair token in parentheses 
represents one or more instances. 


long address 


Receipt of an address longer than ten bits is considered a hard error and the ASP assumes OFF status. The 
sole exceptions are when all data ones are received or all data zeros are received. In these special cases, the 
global addresses represented by these bit sequences are observed and appropriate action taken. That is, in 
the case that only data ones (еп or more) are received, the shadow-protocol result is TEST 
SYNCHRONIZATION (if the primary TAP state is Pause-DR or Pause-IR), and in the case that only data zeros 
(ten or more) are received, the shadow-protoco! result is RESET (see test-synchronization address and reset 
address). 


short address 


In all cases, receipt of an address shorter than ten bits is considered a hard error and the ASP assumes 
OFF status. 
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The connect-control block monitors the primary TAP state to enable receipt/acknowledge of shadow protocols 
in appropriate states (namely, the stable, non-Shift TAP states: Test-Logic-Reset, Run-Test/Idle, Pause-DR, 
and Pause-IR). Upon receipt of a valid shadow protocol, this block performs the address matching required to 
compute the shadow-protocol result. 


TAP-state monitor 


The TAP-state monitor is a synchronous finite-state machine that monitors the primary TAP state. The state 
diagram is shown in Figure 5 and mirrors that specified by IEEE Standard 1149.1-1990. The TAP-state monitor 
proceeds through its states based on the level of PTMS atthe rising edge of PTCK. Each state is described both 
in terms of its significance for ASP devices and for connected IEEE Std 1149.1-compliant devices (called 
targets). However, the monitor state (primary TAP) can be different from that of disconnected scan chains 
(secondary TAP). 





ч 


РТМ5 = L 

















PTMS =H PTMS =H 
Select-IR-Scan 


PTMS = L PTMS = L 


PTMS=H PTMS=H 
Capture-DR Capture-IR 





PTMS =H 







Select-DR-Scan 






PTMS = L 







PTMS = L 
P PTMS = 
PTMS =H И 







РТМ5 = Н 


Update-DR 


РТМ5 = L 






Update-IR 


РТМ5 = | 


Figure 5. TAP-Monitor State Diagram 
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Test-Logic-Reset 


The ASP TAP-state monitor powers up in the Test-Logic-Reset state. Alternatively, the ASP can be forced 
asynchronously to this state by assertion of its PTRST input. In the stable Test-Logic-Reset state, the ASP is 
enabled to receive and respond to shadow protocols. The ASP does not recognize the TSA in this state. 





For a target device in the stable Test-Logic-Reset state, the test logic is reset and is disabled so that the normal 
logic function of the device is performed. The instruction register is reset to an opcode that selects the optional 
IDCODE instruction, if supported, or the BYPASS instruction. Certain data registers also can be reset to their 
power-up values. 


Run-Test/Idle 


In the stable Run-Test/Idle state, the ASP is enabled to receive and respond to shadow protocols. The ASP does 
not recognize the TSA in this state. 


For a target device, Run-Test/Idle is a stable state in which the test logic can be actively running a test or can 
be idle. 


Select-DR-Scan, Select-IR-Scan 


The ASP is not enabled to receive and respond to shadow protocols in the Select-DR-Scan and 
Select-IR-Scan states. 


For a target device, no specific function is performed in the Select-DR-Scan and Select-IR-Scan states, and the 
TAP controller exits either of these states on the next TCK cycle. These states allow the selection of either 
data-register scan or instruction-register scan. 


Capture-DR 
The ASP is not enabled to receive and respond to shadow protocols in the Capture-DR state. 


For a target device in the Capture-DR state, the selected data register can capture a data value as specified 
by the current instruction. Such capture operations occur on the rising edge of TCK upon which the Capture-DR 
state is exited. 


Shift-DR 
The ASP is not enabled to receive and respond to shadow protocols in the Shift-DR state. 


For a target device, upon entry to the Shift-DR state, the selected data register is placed in the scan path 
between TDI and TDO, and on the first falling edge of TCK, TDO goes from the high-impedance state to an 
active state. TDO outputs the logic level present in the least-significant bit of the selected data register. While 
in the stable Shift-DR state, data is serially shifted through the selected data register on each TCK cycle. 


Exit1-DR, Exit2-DR 
The ASP is not enabled to receive and respond to shadow protocols in the Exit1-DR and Exit2-DR states. 


For a target device, the Exit1-DR and Exit2-DR states are temporary states that end a data-register scan. It is 
possible to return to the Shift-DR state from either Exit1-DR or Exit2-DR without recapturing the data register. 
On the first falling edge of TCK after entry to Exiti-DR, TDO goes from the active state to the 
high-impedance state. | 


Pause-DR 


In the stable Pause-DR state, the ASP is enabled to receive and respond to shadow protocols. Additionally, the 
TSA can be recognized in this state. 


For target devices, no specific function is performed in the stable Pause-DR state. The Pause-DR state 
suspends and resumes data-register scan operations without loss of data. 
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Update-DR 
The ASP is not enabled to receive and respond to shadow protocols in the Update-DR state. 


For a target device, if the current instruction calls for the selected data register to be updated with current data, 
such update occurs on the falling edge of TCK following entry to the Update-DR state. 


Capture-IR 
The ASP is not enabled to receive and respond to shadow protocols in the Capture-IR state. 


For a target device in the Capture-IR state, the instruction register captures its current status value. This capture 
operation occurs on the rising edge of TCK upon which the Capture-IR state is exited. 


Shift-IR 
The ASP is not enabled to receive and respond to shadow protocols in the Shift-IR state. , 


For a target device, upon entry to the Shift-IR state, the instruction register is placed in the scan path between 
TDI and TDO, and on the first falling edge of TCK, TDO goes from the high-impedance state to an active state. 
TDO outputs the logic level present in the least-significant bit of the instruction register. While in the stable 
Shift-IR state, instruction data is serially shifted through the instruction register on each TCK cycle. 


Exit1-IR, Exit2-IR 
| The ASP is not enabled to receive and respond to shadow protocols in the Exit1-IR and Exit2-IR states. 


For target devices, the Exit1-IR and Exit2-IR states are temporary states that end an instruction-register scan. 
It is possible to return to the Shift-IR state from either Exit1-IR or Exit2-IR without recapturing the instruction 
register. On the first falling edge of ТСК after entry to Exit1-IR, TDO goes from the active state to the 
high-impedance state. 


Pause-IR 


In the stable Pause-IR state, the ASP is enabled to receive and respond to shadow protocols. Additionally, the 
TSA can be recognized in this state. 


For target devices, no specific function is performed in the stable Pause-IR state, in which the TAP controller 
can remain indefinitely. The Pause-IR state suspends and resumes instruction-register scan operations without 
loss of data. | 


Update-IR 
The ASP is not enabled to receive and respond to shadow protocols in the Update-IR state. 


For target devices, the current instruction is updated and takes effect on the falling edge of TCK following entry 
to the Update-IR state. 
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address matching 


Connect status of the ASP is computed by a match of the address received in the last valid shadow protocol 
` against that at the address inputs (А9-А0) as well as against the three dedicated addresses that are internal 
to the ASP (DSA, RSA, and TSA). The address map is shown in Table 2. 


Table 2. Address Map 


3 RESULTANT 
ADDRESS NAME nr арканды ы PRIMARY-TO-SECONDARY 
CONNECT STATUS 


Reset Address (RSA) 0000000000 | 000 | RESET RESET 


DISCONNECT 





If the shadow-protocol address matches the address inputs (А9-А0), then the ASP responds by transmitting 
an acknowledge protocol. Following the complete transmission of the acknowledge protocol, the ASP assumes 
ON status (in which PTDI, PTDO, and PTMS are connected to STDO, STDI, and STMS, respectively). The ON 
status allows the scan chain associated with the ASP’s secondary TAP to be controlled from the multidrop 
primary TAP as if it were directly wired as such. Figures 6 and 7 show the shadow-protocol timing for MATCH 
result when the prior ASP connect status is ON and OFF, respectively. 


И the shadow-protoco! address does not match the address inputs (А9-А0), then (unless the address is one 
ofthe three dedicated global addresses described below) the ASP responds immediately by assuming the OFF 
status (in which PTDO and STDO are high impedance and STMS is held at its last level). This has the effect 
of deselectingthe scan chain associated with the ASP secondary TAP, butleaves the TAP state of the scan chain 
unchanged. No acknowledge protocol is sent. Figures 8 and 9 show the shadow-protocol timing for NO MATCH 
result when the prior ASP connect status is ON and OFF, respectively. 


disconnect address 


The disconnect address (DSA) is one of the three internally dedicated addresses that are recognized globally. 
When an ASP receives the DSA, it immediately responds by assuming the OFF status (in which PTDO and 
STDO are high impedance and STMS is held at its last level). This has the effect of deselecting the scan chain 
associated with the ASP secondary TAP, but leaves the TAP state of the scan chain unchanged. No 
acknowledge protocol is sent. Figures 10 and 11 show the shadow-protocol timing for DISCONNECT result 
when the prior ASP connect status is ON and OFF, respectively. 


The same result occurs when a non-matching address is received. No specific action to disconnect an ASP is 
required, as a given ASP is disconnected by the address that connects another. The dedicated DSA ensures 
that at least one address is available for the purpose of disconnecting all receiving ASPs. It is especially useful 
when the currently selected scan chain is in a different TAP state than that to be selected. In such a case, the 
DSA is used to leave the former scan chain in the proper state, after which the primary TAP state is moved to 
that needed to select the latter scan chain. 


reset address 


The reset address (RSA) is one of the three internally dedicated addresses that are recognized globally. When 
an ASP receives the RSA, it immediately responds by assuming the RESET status (in which PTDO and STDO 
are high impedance and STMS is forced to the high level). This has the effect of deselecting and resetting (to 
Test-Logic-Reset state) the scan chain associated with the ASP secondary TAP. No acknowledge protocol is 
sent. Figures 12 and 13 show the shadow-protocol timing for RESET result when the prior ASP connect status 
is ON and OFF, respectively. 
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test synchronization address 


The test synchronization address (TSA) is one of the three internally dedicated addresses that are recognized 
globally. When ап ASP receives the TSA while its secondary TAP state is Pause-DR or Pause-IR, it immediately 
responds by assuming the MULTICAST status (in which PTDI and PTMS are connected to STDO and STMS 
respectively, while PTDO is high impedance). No acknowledge protocol is sent. The TSA is valid only when the 
TAP state of both primary and secondary is Pause-DR or Pause-IR. If the TSA is received when the TAP state 
of either primary or secondary is Test-Logic-Reset or Run-Test-Idle, the shadow-protocol result is considered 
tobe DISCONNECT. Figures 14 and 15 showthe shadow-protocol timing for TEST SYNCHRONIZATION result 
when the prior ASP connect status is ON and OFF, respectively. 


The TSA allows simultaneous operation of the scan chains of all selected ASPs, either for global TAP-state 
movement or for scan input of common serial test data via PTDI. This is especially useful in the former case, 
to simultaneously move such scan chains into the Run-Test/ldle state in which module-level or 
module-to-module BIST operations can operate synchronous to TCK in that TAP state, and in the later case, 
to scan common test setup/data into multiple like modules. 


protocol bypass 


Protocol bypass is selected by a low BYP input. This protocol-bypass mode forces the ASP into BYP status 
(primary TAP signals are connected to secondary TAP signals) regardless of previous shadow-protocol results. 
The CON output is made active (low). Receipt of shadow protocols is disabled. 


When BYP is taken low, the primary TAP serial data signals (PTDI, PTDO) are immediately (asynchronously 
to PTCK) connected to their respective secondary TAP signals (STDO, STDI). The primary TAP mode-select 
signal (PTMS) is also connected to its respective secondary TAP signal (STMS) unless PTRST is low, in which 
case STMS remains high until PTRST is released. Also, the shadow-protocol-receive block is reset to its 
power-up state and is held in this state such that select protocols appearing at the primary TAP are ignored. 


When the BYP input is released (taken high), the ASP immediately (asynchronously to PTCK) resumes the 
connect status selected by the last valid shadow protocol. The shadow-protocol-receive block is again enabled 
to respond to select protocols. 


Figures 19 and 20 show protocol-bypass timing when the ASP connect status before BYP active is ON and OFF, 
respectively. 





asynchronous reset 


While the PTRST inputis always buffered directly to the STRST output, it also serves as an asynchronous reset 
forthe ASP. Giventhat BYP is high, when PTRST goes low, the ASP immediately assumes TRST status in which 
CON is high and PTDO and STDO are at high impedance. Otherwise, if BYP is low, the ASP assumes 
BYP/TRST status. In either case, STMS is set high so that connected IEEE Std 1149.1-compliant devices can 
be synchronously driven to their Test-Logic-Reset states. While PTRST is low, receipt of shadow protocols 
is disabled. 


Figures 21 and 22 show asynchronous reset timing when the ASP connect status before PTRST active is ON 
and OFF, respectively. Figure 23 shows asynchronous reset timing when BYP is low. 


connect indicator 


The CON output indicates secondary-scan-port activity (STDO, STMS active) regardless of whether such 
activity is achieved via protocol bypass or shadow protocol. If the BYP input is low, the CON output is low. 
Otherwise, if the BYP input is high, the CON output is low if the result of the last valid shadow protocol is MATCH 
or TEST SYNCHRONIZATION. In all other casés, and while acknowledge protocol is in progress, the CON 
output is high. 
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+ The instantaneous value of РТО! during protocol acknowledge is "don't care” as long as the cumulative effect does not represent a protocol 
hard-error or another valid select protocol. 


Figure 6. Shadow-Protoco! Timing, Protocol Result = MATCH, Prior Connect Status = ON 
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t The instantaneous value of PTDI during protocol acknowledge is “don’t care” as long as the cumulative effect does not represent a protocol 
hard-error or another valid select protocol. 


Figure 7. Shadow-Protocol Timing, Protocol Result = MATCH, Prior Connect Status = OFF 
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Figure 8. Shadow-Protocol Timing, Protocol Result = NO MATCH, Prior Connect Status = ON 
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Figure 9. Shadow-Protocol Timing, Protocol Result = NO MATCH, Prior Connect Status = OFF 
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Figure 10. Shadow-Protocol Timing, Protocol Result = DISCONNECT, Prior Connect Status = ON 
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Figure 11. Shadow-Protocol Timing, Protocol Result = DISCONNECT, Prior Connect Status = OFF 
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Figure 12. Shadow-Protocol Timing, Protocol Result = RESET, Prior Connect Status = ON 
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Figure 13. Shadow-Protocol Timing, Protocol Result = RESET, Prior Connect Status = OFF 
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Figure 14. Shadow-Protocol Timing, 
Protocol Result = TEST SYNCHRONIZATION, Prior Connect Status = ON 
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Figure 15. Shadow-Protocol Timing, 
Protocol Result = TEST SYNCHRONIZATION, Prior Connect Status = OFF 
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NOTE: The position of PTMS shown in this figure is only one of many that would produce protocol result HARD ERROR. 


Figure 16. Shadow-Protocol Timing, 
Protocol Result = HARD ERROR (PTMS change during select protocol), Prior Connect Status = ON 
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. NOTE: The position of PTMS shown in this figure is only one of many that would produce protocol result HARD ERROR. 
Figure 17. Shadow-Protocol Timing, 


Protocol Result z HARD ERROR (PTMS change during acknowledge protocol), 
Prior Connect Status = ON 
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NOTE: The sequence of PTDI bits shown in this figure is only one of many that would produce protocol result SOFT ERROR. 


Figure 18. Shadow-Protocol Timing, 
Protocol Result = SOFT ERROR, Prior Connect Status = ON 
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Figure 19. Protocol-Bypass Timing, Prior Connect Status = ON 
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Figure 20. Protocol-Bypass Timing, Prior Connect Status = OFF 
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Figure 21. Asynchronous Reset Timing, Prior Connect Status = ON 
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Figure 22. Asynchronous Reset Timing, Prior Connect Status = OFF 
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Figure 23. Asynchronous Reset Timing, BYP = L 
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absolute maximum ratings over operandi free-air ВЗРИВИ range (unless otherwise noted)t 


Supply voltage range, Усс: «5а beak Shea RECEN ARRA A EVE AH uc a -0.5 Vto7 V 
Input voltage range, Vj (see Note 1) .................................................. —0.5 V to 7 V 
Voltage range applied to any output in the high state or power-off state, Vo .............. —0.5 V to 5.5 V 
Current into any output in the low state, lo: SN54ABT8996 ................................... 96 mA 
SN74ABT8996 ................................... 128mA 

Input clamp:current Ик (Ура D). epee pink ке ЕЕ Rex oe pes OUR ТЕРЕЗЕ РЕК E NE eR -18 mA 
Output clamp current; lox (Vo <0) ти ||| | | ын —50 mA 
Maximum power dissipation at TA = 55°C (in still air) (see Note 2): DW package .................. 1.7W 
PW package ................... 0.7 W 

Storage temperature range, Таја .............................. Ie —65°С to 150°C 


t Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1. The input and output negative-voltage ratings can be exceeded if the input and output clamp-current ratings are observed. 

2. The maximum package power dissipation is calculated using a junction temperature of 150°C and a board trace length of 750 mils. 
For more information, refer tothe Package Thermal Considerations application note in the ABT Advanced BICMOS Technology Data 
Book, literature number $СВО002. 


recommended operating conditions 
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Галу —Inputtranstion воините өтем | 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 
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ON, PTDO = L, STCK = L, 

| ee 5.5 V, STDO = |, STMS = L 

се o= 0, 
ON, PTDO = H, STCK = H, 










TRST.STCK -L —T 
lacs Voc = 5.5 V, One input at 3.4 V, 
Асс Other inputs at Vcc ог GND 





*On = Scien to MIL-PRF-38535, this parameter does not apply. 

T All typical values are at Vcc = 5 V. 

t Not more than one output should be tested at a time, and the duration of the test should not exceed one second. 

S This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc ог GND. 
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timing. requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (see Figure 24) 


SN54ABT8996 | SN74ABT8996 
[| MN мах| мы МАХ] “МТ 


fdlock — Clock frequency PTCK [. о а] o | мн | 
[BYP owt | 49 | 45 __ 
| PTCK high 
tw Pulse duration PTCK low [ 6 | 55 | 






















Рт” _______ 26 | 25 | 
[деер | 66 | ee | 

Setup time [PTDibeforePTCKT | 49 | 49 | 

[Prims vere Be __| os | oe | 
[PiMSbetorspToxt | з [| s | 
|Аз-Аоапегртока | 05 | 98 | 

"n 
[таль ___| 24 | 24 

[мз ___| 318 __| зла | 


t In normal application of the ASP, such timing requirements with respect to BYP are met implicitly and, therefore, need not be considered. 

+ These requirements apply only in the case where the address inputs are changed during a shadow protocol. For normal application of the ASP, 
it is recommended that the address inputs remain static throughout any shadow protocols. In such cases, the timing of address inputs relative 
to PTCK need not be considered. 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (see Figure 24) 


| SN54ABT89006 CC 
ЕВОМ то Voc = MEET NNNM Voc = 4.5 V to 5.5 V, 
PARAMETER (INPUT) (OUTPUT) Ut 25°C ТА = -55°С to 125°C | UNIT 
Wr up чн нә} _ 


PX mE = 
БҮРІ 
a, | | за 52 


ан 25 78 
BYPL STMS 

аен SII ЕС BRE E] 

——m— — аре Bi 
mum "n 

авн OU 28 39 

E mE 89 

"mm 

н 35 93 [3 8s 

Фан Да 76 95 
(shadow-protocol PTDO 


"en acknowledge ен 


по БЕСТЕН 
в | (оло) са o7 tos] 55 ise] 
E E 


{РНЕ 1 33 4.5 
1 32 44 

БЕН PTMS STMS 

tPHL 1 34 47 





t The transitions at STMS are only possible when a shadow-protocol select is issued while STMS is held (in the OFF status) at a level that differs 
from that at PTMS. Such operation is not recommended since state synchronization of the primary TAP to secondary TAP cannot be ensured. 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (continued) (see Figure 24) 


SN54ABT8996 
FROM TO Voc 25 V, Voc = 4.5 V to 5.5 V, 
PARAMETER (INPUT) (OUTPUT) E 25°C ТА = -55°С to 125°C | UNIT 
Си във тои 













t | 'pzH| O] 
— a | ве | | о | 
a 
н — _ BYPL STDO 
PeH PTCKL STDO 
SE НЕ: 


А сле 
= HZ PTCKL STDO 
tpLz5 1 7.1 8.7 1 10.4 
tpuzt 7:55 66 92| 55 m 
төре PTRSTL PTDO 

1 7.4 10.2 1 13.4 
Ена PTRSTI STDO 

3 7.3 9 3 10.5 


Тіп most — the node to which PTDO is connected has a pullup resistor. In such cases, this parameter is not significant. 
£ In most applications, the node to which STDO is connected has а pullup resistor. In such cases, this parameter is not significant. 
§ This parameter applies only in case of protocol hard error. 






















3» TEXAS 
INSTRUMENTS 


8-90 POST OFFICE BOX 655303 € DALLAS, TEXAS 75265 


SN54ABT8996, SN74ABT8996 
10-BIT ADDRESSABLE SCAN PORTS 
MULTIDROP-ADDRESSABLE IEEE STD 1149.1 (УТА G) TAP TRANSCEIVERS 


SCBS4898 - AUGUST 1994 – REVISED DECEMBER 1996 


switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (see Figure 24) 


| SN74ABT8996 | 
FROM TO т oS 5V, Voc = 4.5 V to 5.5 V, 
PARAMETER (INPUT) (OUTPUT) a 25°C Ta = —40°C to 85°С | UNIT 
Гин пе Wap ын в _ 


PTCK 

tPLH BYPT Luc 5 реа 

cm БҮРІ вом s 

t 25 78 2.5 12.2 

PLH БҮРІ. STMS 

'PHL 25 52 2.5 8.4 

| 22 3. T 

рн PTCK STCK 
(PHL ЕЕ ==. 

— 35 69 89 3.5 10.6 
e 

| —— tPHL | 3.5 9.3 3.5 10.8 

(shadow-protocol | PTDO 

өні. acknowledge) ae ees 
‘PLAT 121 154 
PLH PTCKL E 
Pu (connec 


t aa) телекс = 
PLH РТО! STDO 

tPHL |_1 33 451 63. 
t | 1_ 32 44| — 3 251 
PLH PTMS 

tPHL |__-__54 тва 


1 
tPLH 1 
{РНЕ 1 


| 
E 25 E — ИШЕН 
H | 1 33 46) 54 


t The transitions а! STMS are possible only when а shadow-protocol select is issued while SIT. is held т the OFF status) at a level that differs 
from that at PTMS. Such operation is not recommended since state synchronization of the primary TAP to secondary TAP cannot be ensured. 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (continued) (see Figure 24) 



















SN74ABT8996 
FROM TO Voc =5V, Voc = 4.5 V to 5.5 V, 
PARAMETER (INPUT) (OUTPUT) ТА = 25°C TA =-40°С to 85°С | UNIT 

| MN тие MAX| мн мах 

tpzHt | 15 4 55| 15 66) 
PTDO 

ais | 15 45 64) 1.5 72 

= 15 ar 52| 15 — €] 
РЕН БҮР.) STDO 

[ 15 42 58] 15 o7 

2 rs | — 4 17 
РЕН PTCKL STDO 

эл 07| 4 122 

кый 15 36  48| 015 53 
ма ВУРТ PTDO 

| 15 36 491 015 53 

= 15 36 48 
Puz ВУРТ STDO 

| 15 3 42 15 44 

[sez  s| 3 10 
ЕНЕ PTCKL PTDO 

| 3 69 95| з 112) 

85 73 9| 35 109 
РНЕ PTCKL STDO 

35 71 8.7 3.5 10.4 

35 66 8.5 3.5 10.4 
PHz PTASTL PTDO 

35 74 102 3.5 11.7 

юної 45 94 115 
STDO 

p cau ip. Ре" | omo 45 73 oj 45 _ 105) 





t In most applications, the node to which PTDO is connected has a pullup resistor. In such cases, this parameter is not significant. 
t In most applications, the node to which STDO is connected has a pullup resistor. In such cases, this parameter is not significant. 
§ This parameter applies only in case of protocol hard error. 
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PARAMETER MEASUREMENT INFORMATION 









о 7V 
From Output Sapan 
Under Test GND 
tPLH/tPHL 
(see Note A) tpHz/tpzH 





LOAD CIRCUIT 
Timing Input NEED C 
М-ы yy 
— — t, —> ---- 
| | t t 
| | зу bus LM 
| | | 3v 
nput 1.5V 1.5У Data Input C 45V И 15v 
0У 0У 
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS 
PULSE DURATION SETUP AND HOLD TIMES 
зу 3v 
прш 15V 15V dde 15V 
| | 0v | | оу 
t a а в tPHL Pd ха | | 
PLH P | {рү —>! 
LZ 
| | | --- Мон M T d | y 3.5 V 
Output | 15V | 15V pe p | Қ15 V | / VoL +0.3 V 
| VoL (see Note B) | ао 
| мы! | ptPHz | + 
tPHL e | PLH бай рн (- | 
| MON | ЖЕТ VOH Waveform 2 | ЕРЕ Von озу “OH 
Output ç ° $1 at Open E 
——— VOL (see Note В) = 0.V 
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES ENABLE AND DISABLE TIMES 


INVERTING AND NONINVERTING OUTPUTS 


NOTES: A. С; includes probe and jig capacitance. 
B. 


LOW- AND HIGH-LEVEL ENABLING 


Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 


Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 
C. All input pulses are supplied by generators having the following characteristics: PRR < 10 MHz, Zo = 50 О, t, < 2.5 ns, # < 2.5 ns. 
D. The outputs are measured one at a time with one transition per measurement. 


Figure 24. Load Circuit and Voltage Waveforms 
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€ Members of the Texas Instruments SN54ACT8997 ... JT PACKAGE 
SCOPE™ Family of Testability Products Нло и МТ PACKAGE 
е Compatible With the IEEE Standard 
1149.1-1990 (JTAG) Serlal Test Bus рсо + 28 DCI 
ә Allow Partitioning of System Scan Paths MCO || 2 27] МС! 
@ Can Be Cascaded Horizontally or Vertically отоо1 Цз 2е| TRST 


ОТОО? [| 4 25[] ID1 
DTDOS Ц5 24[| 102 
DTDO4 |] 6 231} 103 


@ Select Up to Four Secondary Scan Paths to 
Be included in a Primary Scan Path 


е Include 8-Bit Programmable Binary Counter GND 17 221 104 
to Count or Initiate Interrupt Signals отме! fla 21f] Voc 
@ Include 4-Bit Identification Bus for DTMS? [f 9 ool] ОТОН 


. Scan-Path Identification DTMS3 [ 10 П ОТО? 

€ Inputs Are TTL Compatible DTMS4 [1 11 181] DTDI3 

€ EPIC™ (Enhanced-Performance Implanted DTCKU12 170 DTDI4 
CMOS) 1-шт Process ТОО Ц 13 164) TDI 


€ Package Options Include Plastic TMSU:4 — 151 ТСК 


Small-Outline (DW) Packages, Ceramic 











Chip Carriers (FK), and Standard Plastic SN54ACT8997... FK PACKAGE 
(NT) and Ceramic (JT) 300-mil DIPs (TOP VIEW) 
v7 СЧ 
ipti oon 
description sana ЗЕР 
The 'ACT8997 are members of the Texas oam | кан | ше | J ше | шн | өш 
Instruments SCOPE™ testability integrated- mastitis’ 3 21 25 Пртоз 
Circuit family. This family of components facilitates ма Пе Е 24 [] отоја 
testing of complex circuit-board assemblies. ос {17 23 то 
The'ACT8997 enhance the scan capability of TI's DCO 8 22 [] TCK 
SCOPE™ family by allowing augmentation of a MCO [| 9 21 [Í] TMS 
system's primary scan path with secondary scan DTDO1 L| 10 20 L] TDO 
paths (SSPs), which can be individually selected ртро2 [| 11 19 L|] DTCK 


by the 'ACT8997 for inclusion in the primary scan = 
path. These devices also provide buffering of test 8 
signals to reduce the need for external logic. a 

a 


By loading the proper values into the instruction 

register and data registers, the user can select up 

to four SSPs to be included in a primary scan path. Any combination of the SSPs can be selected at a time. Any 
of the device's six data registers or the instruction register can be placed in the device's scan path, i.e., placed 
between test data input (TDI) and test data output (TDO) for subsequent shift and scan operations. 


All operations of the device except counting are synchronous to the test clock pin (TCK). The 8-bit 
programmable up/down counter can be used to count transitions on the device condition input (ОС!) pin and 
output interrupt signals via the device condition output (DCO) pin. The device can be configured to count on 
either the rising or falling edge of DCI. 


The test access port (TAP) controller is a finite-state machine compatible with IEEE Standard 1149.1. 


The SN54ACT8997 is characterized for operation over the full military temperature range of -55°С to 125°C. 
The SN74ACT8997 is characterized for operation from 0°C to 70°C. 


SCOPE and EPIC are trademarks of Texas Instruments Incorporated. 





PRODUCTION DATA Information is current as of kation с data. Copyright @ 1996, Texas Instruments Incorporated 


Products conform to тека per the terms of Texas On products compliant to MIL-PRF-38535, all parameters are tested 
8 tandard wara : му. Production processing does not тва Include 4% ; I EXAS unless Рата noted. On all other products, production 
testing of ай parameters. I processing does not necessarily include testing of all parameters. 
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functional block diagram 


3 троя 
Усс | 4 DTDO2 
то! -15 p. 
ae im 5 ртооз 
ртр > 
Voc ||| Š DTDO4 
ото? -19 » 
Vcc | 
ртог 18 № 
Voc 
отом 22 pe Bis 
1 осо 
(3 state or 
open drain) 
28 
ос! »- 9 DTMSI 
9% DTMS2 









Data 
Registers 


FEE 
ppp 10: уар 
EE 
ESSI 
11 


12 DTMS4 


13 


№ ШЕ `> тоо 
Instruction 
= | | 


Vcc m Test Port 
тм=-14 № Т 
тск-15 № > 12 pTCK 


Vcc 
TRST-28 » 


Pin numbers shown are for the DW, JT, and NT packages. 
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functional block description 


The ’ACT8997 is intended to link secondary scan paths for inclusion in a primary scan path. Any combination 
of the four secondary scan paths can be linked, or the device can be bypassed entirely. 


The least-significant bit (LSB) of any value scanned into any register of the device is the first bit shifted in 
(nearest to TDO). The most-significant bit (MSB) is the last bit shifted in (nearest to TDI). 


The 'ACT8997 is divided into functional blocks as detailed below. 


test port 


The test port decodes the signals on TCK, TMS, and TRST to control the operation of the circuit. The test port 
includes a TAP controller that issues the proper control instructions to the data registers according to the 
IEEE Standard 1149.1 protocol. The TAP controller state diagram is shown in Figure 1. 


instruction register 
The instruction register (IR) is an 8-bit-wide serial-shift register that issues commands to the device. Data is 
input to the instruction register via TDI (or one of the DTDI pins) and shifted out via TDO. All device operations 
are initiated by loading the proper instruction or sequence of instructions into the IR. 


data registers 


Six parallel data registers are included in the 'ACT8997: bypass, control, counter, boundary-scan, ID-bus, and 
select. The ID bus register is a part of the boundary-scan register. Each data register is serially loaded via TDI 
or DTDI and outputs data via TDO. Table 1 summarizes the registers in the 'ACT8997. 


scan-path-configuration circuit 


This circuit decodes bits in the select and control registers to determine which, if any, of the secondary scan 
paths are to be included in the primary scan path. 


Table 1. Register Summary 


aen | 8 |е command nformationtothe devcs — | 
Counter | 5 | Count events on DCI, output interrupts via DCO | 
[Ses | 5 | Select one or more secondary scan paths | 
ова [ + [Provide subsystem identitcation code | 
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Terminal Functions 


TERMINAL 
NAME ПО DESCRIPTION 


Device condition input. ОСІ receives interrupt and protocol signals from the secondary scan path(s). When the 
counter register is instructed to count up or down, ӘСІ is configured as the counter clock. 












Device condition output. DCO is configured by the control register to output protocol and interrupt signals and can 
be configured by the control register to output an error signal if the instruction register is loaded with an invalid value. 
DCO is further configured by the control register as: 

Active high or active low (reset condition = active low) 

Open drain or 3 state (reset condition = open drain) 


DTCK | о | Device test clock. DTCK outputs the buffered test clock ТСК to the secondary scan path(s). 


Device test data input 1-4. ОТОП-ОТОМ receive the serial test data output(s) of the selected secondary scan 
path(s). An internal pullup forces DTDI1-DTDIA to a high logic level if it is left unconnected. 










Device test data output 1-4. These outputs send serial test data to the TDI input(s) of the secondary scan path(s). 





Device test mode select 1—4. Any combination of these four outputs can be selected to follow TMS to direct the 
secondary scan path(s) through the TAP controller states in Figure 1. The unselected DTMS outputs can be set 
independently to a high or low logic level. The TMS circuit monitors input from the select register to determine the 
configuration of the DTMS outputs. 


Г ве | esa SSS 


Identification 1—4. This 4-bit data bus can be hardwired to provide identification of the subsystem under test. The 
value present on the bus can be scanned out through the boundary scan or ID bus registers. 


















ID4 


MCI Master condition input. MCI receives interrupt and protocol signals from a primary bus controller (PBC). The level 
оп МС! is buffered and output on МСО. 
| мо [о | Master condition output. МСО transmits interrupt and protocol signals to the secondary scan path(s). 


Test clock. One of four terminals required by IEEE Standard 1149.1. All operations of the 'ACT8997 except for the 
count function are synchronous to TCK. Data on the device inputs is captured on the rising edge of TCK, and outputs 
change on the falling edge of TCK. 


Test data input. One of four terminals required by IEEE Standard 1149.1. TDI is the serialinput for shifting information 
into the instruction register or selected data register. TDI is typically driven by the ТОО of the PBC. An internal pullup 
forces TDI to a high level if left unconnected. 











Test data output. One of four terminals required by IEEE Standard 1149.1. TDO is the serial output for shifting 
information out of the instruction register or selected data register. TDO is typically connected to the TDI of the next 
scannable device in the primary scan path. 










Test mode select. One of four terminals required by IEEE Standard 1149.1. The level of TMS at the rising edge of 
TCK directs the 'ACT8997 through its TAP controller states. An internal pullup forces TMS to a high level if left 
unconnected. 








Test reset. This active-low input implements the optional reset terminal of IEEE Standard 1149.1. When asserted, 
TRST causes the 'ACT8997 to go to the Test-Logic-Reset state and configure the instruction register and data 
registers to their power-up values. An internal pullup forces TRST to a high level if left unconnected. 


[ves | | Supyvotage 











35 TEXAS 
INSTRUMENTS 


8-98 POST OFFICE BOX 655303 € DALLAS, TEXAS 75265 


SN54ACT8997, SN74ACT8997 
SCAN-PATH LINKERS WITH 4-BIT IDENTIFICATION BUSES 
SCAN-CONTROLLED IEEE STD 1149.1 (JTAG) TAP CONCATENATORS 


SCAS157D - APRIL 1990 - REVISED DECEMBER 1996 


state diagram description 


The TAP proceeds through the states in Figure 1 according to IEEE Standard i149.1. There are six stable states 
(indicated by a looping arrow) and ten unstable states in the diagram. A stable state is a state the TAP can retain 
for consecutive TCK cycles. Any state that does not meet this criterion is an unstable state. 


There are two main paths through the state diagram: one to manipulate a data register and one to manipulate 
the instruction register. No more than one register can be manipulated at a time. 


Test-Loglc-Reset 
Run-Test/idle 





TMS 







Select-IR-Scan 


Select-DR-Scan 


| Pause-DR 
> Update-DR 


Figure 1. TAP-Controller State Diagram 





TMSzL 










Update-IR 





TMS =L 





3» TEXAS 
INSTRUMENTS 


POST OFFICE BOX 655303 € DALLAS, TEXAS 75265 8-99 


SN54ACT8997, SN74ACT8997 
SCAN-PATH LINKERS WITH 4-BIT IDENTIFICATION BUSES 
SCAN-CONTROLLED IEEE STD 1149.1 (JTAG) TAP CONCATENATORS 


SCAS157D – APRIL 1990 – REVISED DECEMBER 1996 


Test-Logic-Reset 


In this state, the test logic is inactive and an internal reset signal is applied to all registers in the device. During 
device operation, the TAP returns to this state in no more than five TCK cycles if the test mode select (TMS) 
input is high. The TMS рт has an internal pullup that forces it to a high level if it is left unconnected or if a board 
defect causes it to be open circuited. The device powers up in the Test-Logic-Reset state. 


Run-Test/Idle 


The TAP must pass through this state before executing any test operations. The TAP may retain this state 
indefinitely, and no registers are modified while in Run-Test/ldle. The 8-bit programmable up/down counter can 
be operated in this state. 


Select-DR-Scan, Select-IR-Scan 
No specific function is performed in these states; the TAP exits either of them on the next TCK cycle. 
Capture-DR 


The selected data register is placed in the scan path (i.e., between TDI and TDO). Depending on the current 
instruction, data may or may not be loaded or captured by that register on the rising edge of TCK, causing the 
TAP state to change. 


Shift-DR 


In this state, data is serially shifted through the selected data register from TDI to TDO on each TCK cycle. The 
first shift does not occur until the first TCK cycle after entering this state (i.e., no shifting occurs during the TCK 
cycle in which the TAP changes from Capture-DR to Shift-DR or from Exit2-DR to Shift-DR). On the falling edge 
of TCK in Shift-DR, TDO goes from the high-impedance state to the active state. TDO enables to the value 
present in the least-significant bit of the selected data register. 


Exit1-DR, Exit2-DR 


These are temporary states that end the shifting process. It is possible to returnto the Shift-DR state from either 
Exiti-DR or Exit2-DR without recapturing the data register. The last shift occurs on the ТСК cycle in which the 
TAP state changes from Shift-DR to Exit-DR. TDO changes from the active state to the high-impedance state 
on the falling edge of TCK in Exit1-DR. 


Pause-DR 


The TAP can remain in this state indefinitely. The Pause-DR state suspends and resumes shift operations 
without loss of data. 


Update-DR 


If the current instruction calls for the latches in the selected data register to be updated with current data, the 
latches are updated only during this state. 


Capture-IR 
The instruction register is preloaded with the IR status word (see Table 4) and placed in the scan path. 
Shift-IR 


In this state, data is serially shifted through the instruction register from TDI to TDO on each TCK cycle. The 
first shift does not occur until the first TCK cycle after entering this state (i.e., no shifting occurs during the TCK 
cycle in which the TAP changes from Capture-IR to Shift-IR or from Exit2-IR to Shift-IR). On the falling edge of 
TCK in Shift-IR, TDO goes from the high-impedance state to the active state, and will enable to a high level. 
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Exit1-IR, Exit2-IR 


These are temporary states that end the shifting process. It is possible to return to the Shift-IR state from either 
Exit1-IR or Exit2-IR without recapturing the instruction register. The last shift occurs on the TCK cycle in which 
the TAP state changes from Shift-IR to Exit1-IR. TDO changes from the active state to the high-impedance state 
on the falling edge of TCK in Exit1-IR. 


Pause-IR 


The TAP can remain in this state indefinitely. The Pause-IR state suspends and resumes shift operations without 
loss of data. 


Update-IR 
In this state, the latches shadowing the instruction register are updated with the new instruction. 


instruction-register description 


The instruction register (IR) is an 8-bit serial register that outputs control signals to the device. Table 2 lists the 
instructions implemented in the 'ACT8997 and the data register selected by each instruction. The MSB of the 
IR is an even-parity bit. If the value scanned into the IR during Shift-IR does not contain even parity, an error 
signal (IRERR) is generated internally as shown in Table 3. The 'ACT8997 can be configured to output IRERR 
via DCO if the TAP enters the Pause-lR state. 


During the Capture-IR state, the IR status word is loaded.The IR status word contains information about the 
most recently loaded value of the instruction register and the logic level present at the ОСІ input. The IR status 
word is encoded as shown in Table 4. Figure 2 shows the order of scan for the IR. 


НИМ вне ens fars sf виз} sf ona] eu Tbo 


Figure 2. Instruction-Register Bits and Order of Scan 
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Table 2. Instruction-Register Opcodes 










MSB > LSB 


Г сю — м | жая” | вики | — Boundary soan — | ex 
Г 1009: [er | в" | Bypass sean — | Bypass | Normal | 
[10000010 | ® | -SAMPLEPRELOAD | ” Samplebounda | Boundary scan — | Normal | 
ошоп — | в | мет — | — Beundayscm | Вошйзузп — | Test | 
Г кю | м | БУРА” | Bypass scan — | ____Буре ____| Normal | 
Г оля — | % | eveasst | Bypass scan | — — Bypass — — | көті” 
О сю — | 06 | БР" | Bypass scan — | Bypass — | Normal | 
ют [в [в | Bypass scan — | Bypass | Normal | 
Г о — | в | сит [ Gem | — Әуе [ Мота | 
оош — | o | м | count | Bypass — L Normal | 
[о [в | — pveasst_ | Bypass scan | Bypass | мота | 
оно | © [ВА | Bypassscan Виа | Nomai 
ооп | eo | ____Бурав6 | Bypassscan — | Bypass | Мота | 
одни | oF | — SCANCN — — | -Gonroiregisterscan | Сото | Normal | 
зоот | Geuwerscan | Counter — | Normal | 

omon |в | READGNT | Counterread — | Counter | Мота | 
p 


BINARY CODE ' 
HEX SELECTED DATA 
BIT 7 2 ВІТ 0 VALUE SCOPE OPCODE DESCRIPTION REGISTER ene | 





































oo [— scanne | iDtusregserscan | ә | Noma | 
отно Г- scawsEL | Seectregisterscan | — За | Мета | 


ТА SCOPE opcode exists but is not supported by the 'ACT8997. 





Table 3. IRERR Function Table 


NO. OF INSTRUCTION 
REGISTER BITS = 1 
02,468 |71 
Las: | 9 | 







Table 4. Instruction-Register Status Word 


Lave =; 
Earum = 1 
бар E 


| 3 | DCI (1 = active, 0 = inactive) 





f This value is loaded in the instruction 
register during the Capture-IR TAP state. 
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instruction-register opcode description 


The operation of the 'ACT8997 is dependent on the instruction loaded into the IR. Each instruction selects one 
of the data registers to be placed between TDI or DTDI and TDO during the Shift-DR TAP state. All the required 
instructions of IEEE Standard 1149.1 are implemented in the 'ACT8997. 

boundary scan 


This instruction implements the required EXTEST and optional INTEST operations of IEEE Standard 1149.1. 
The boundary-scan register (which includes the ID-bus register) is placed in the scan path. Data appearing at 
input pins included in the boundary-scan register is captured. Data previously loaded into the output pins 
included in the boundary-scan register is forced through the outputs. 


bypass scan 


This instruction implements the required BYPASS operation of IEEE Standard 1149.1. The bypass register is 
placed in the scan path and preloads with a logic O during Capture-DR. 


sample boundary 


This instruction implements the required SAMPLE/PRELOAD operation of IEEE Standard 1149.1. The 
boundary-scan register is placed in the scan path, and data appearing at the inputs and outputs included in the 
boundary-scan register is sampled on the rising edge of TCK in Capture-DR. 


count . 


The counter register begins counting on each DCI transition. The count begins from the value present in the 
register before the count instruction was loaded. The counter can be configured by the control register to count 

. up or down on either the low-to-high or high-to-low transition of DCI. Counting occurs only while in the 
Run-Test/ldle TAP state. 


control-register scan 


The control register is placed in the scan path for a subsequent shift operation. The register is not preloaded 
during Capture-DR. 


counter-register scan 


The counter register is placed in the scan path. During Capture-DR, the current value of the counter is loaded 
in the counter register. At Update-DR, the newly shifted value is preloaded to the counter. 


counter-register read 


The counter register is placed in the scan path. During Capture-DR, the prior preload value of the counter is 
loaded into the counter register. At Update-DR, the newly shifted value is preloaded to the counter. 


ID-bus-register scan 


The ID-bus register (a subset of the boundary-scan register) is placed in the scan path for a subsequent shift 
operation. The data appearing on the ID bus is loaded into the ID-bus register on the rising edge of TCK in 
Capture-DR. 


ID-bus-register read 


The ID-bus register is placed in the scan path for a subsequent shift operation. The register is not preloaded 
during Capture-DR. 


select-register scan 


The select register is placed in the scan path for a subsequent shift operation. The register is not preloaded 
during Capture-DR. 
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control register description 


The control register (CTLR) is a 10-bit serial register that controls the enable and select functions of the 
'ACT8997. A reset operation forces all bits to a low logic level. The contents of the CTLR are latched and 
decoded during the Update-DR TAP state. The specific function of each bit is listed in Table 5. The enable and 
select functions of the CTLR bits are mapped as follows: 


Table 5. Control-Register Bit Mapping 


VALUE FUNCTION 
° — Configure counter to count up 


| 1 | Configure counter to count down 


Mu Do not stop counting when the count reaches 00000000 


| 1 [Stop counting when the count reaches 00000000 (count down only) 
eae DCO as an active-low output 
| 1 | Configure DCO as an active-high output 
— Inactive (level depends on CTLR bit 7) 
смет IRERR 
EH DCO = CE, an internal logic 0 generated when the count is 00000000 (count down) or 11111111 (count up) 
EMT DCI 
ER not mask IRERR from DCO 
| 1 | Mask TRERR from DCO 
-- Configure DCO аз ап open-drain output 
Configure DCO as a 3-state output 
m Disable DCO 
| 1 | Enable DCO 
Configure ОСІ as ап active-low input 


Configure DCI as an active-high input 


| 0 | Enable DTCK, DTDO(1-4), and ОТМ8(1-4) [outputs DTDO(1—4) depend on select register (see Table 7)] 


Disable DTCK, DTDO(1-4), and ОТМ8(1-4) 
Bit 9-Up/Down 

This bit sets the count mode of the counter register (reset condition = count up). 
Bit 8 — Latch on Zero 


The counter register can be configured to stop counting when its value is 00000000 and ignore subsequent 
transitions on the counter clock, DCI. The latch-on-zero option is valid only in the count-down mode 
(reset condition = do not latch on zero). The value of this bit has no effect on the operation of the counter if 
СТВ bit 9 = 0. 


Bit 7 – DCO Polarity Select 
DCO can be configured as an active-low or active-high output (reset condition = active low). 
Bit 6/Bit 5 - DCO Source Select 1/DCO Source Select 0 


DCO can be used to output the IRERR signal generated by the 'ACT8997 (see Table 3). Bits 6 and 5 can be 
Set to output IRERR via DCO on the falling edge of TCK in the Pause-IR state. DCO can also be configured 
to become active when the value of the counter is 00000000, to follow ОСІ, or be set to a static high or low level 
(reset condition = static high level). 
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Bit 4 – Parity Mask 


The signal IRERR can be masked from appearing on DCO even if bits 6 and 5 are set such that it is output in 
the Pause-IR state (reset condition = do not mask IRERR). 


Bit - DCO Drive Select 


DCO can be configured as either an open-drain or 3-state output (reset condition = open drain). The open-drain 
configuration allows multiple DCO outputs to be used in a wired-OR or wired-AND application. The 3-state 
configuration allows the DCO output to be connected to a bus. 


Bit - DCO Enable 


When configured as а 3-state output, DCO can be placed in the high-impedance state 
(reset condition = disabled). If configured as an open-drain output and disabled, DCO outputs a high level. 


Bit 1 – ОСІ Polarity Select 
DCI can be configured as an active-low or active-high input (reset condition = active low). 
Bit 0 – Device Test Pins Output Enable (active low) | 


DTCK, DTDO1-4, and DTMS1—4 pins can be placed in the high-impedance state (disabled) with this bit 
(reset condition = not disabled). If DTDO1-4 pins are not disabled using this control bit, then their drive state 
is dependent on the value of the select register (see Table 7). 


Several CTLR bits affect the functionality of the DCO output. The DCO function table is given in Table 6. Figure 3 
illustrates the order of scan for the CTLR. 


fis у Та | 


Figure 3. Control-Register Bits and Order of Scan 
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8-106 


Table 6. DCO Function Table 













|iRERR СЕ |BiT7 BIT6 BITS ВП4 BITS втг ВП1 
X X X X о ох 
xx 
оо 
[X + хо 5. Ле о X J X J| ЕЕ ЕЕЕ 






Oj- 
— 


X X 
Hin Pause RS, L otherwise 
X X 0 


0 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
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х |< [< | << рро XXIX | | | {| р | | х | 
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1 
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1 
1 


x 
- 


| 


1 
1 
1 
1 





хіх 
>x | >x 


1 





t These signals are generated as described elsewhere in this data sheet. 

tThe control register must contain these values after the TAP has passed through its most recent Update-DR state. 

$ DCO becomes active on the falling edge of TCK as the TAP enters the Pause-IR state and becomes inactive on the 
falling edge of TCK as the TAP enters Exit2-IR. 
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select register description 


The select register (SR) is an 8-bit serial register that determines which, if any, of the secondary scan paths 
(SSPs) will be included in the primary scan path. A reset operation forces all bits to a logic 0. The register is 
divided into four 2-bit sections, each of which controls one SSP. Figure 4 shows the mapping of the bits to the 
SSPs and the order of scan. For each SSP, the higher-order bit is the MSB and the lower-order bit is the LSB 
(e.g., bit 3 is the MSB of SSP2 and bit 2 is the LSB of SSP2). 


Figure 4. Select Register Bits and Order of Scan 


When a new 8-bit value is loaded into the SR, the configuration of one or more DTMS pins may change. If the 
new value of the SR configures a DTMS pin to a static (high or low) level, it assumes that level on the falling 
edge of TCK in the Update-DR TAP state. This condition is independent of any previous SR configurations. If 
the new value of the SR forces a DTMS pin to follow TMS (i.e., select the secondary scan path) and one or more 
DTMS pins are currently in the TMS-follow mode, the transfer of DTMS lines occurs on the falling edge of TCK 
in the Update-DR TAP state. If, however, the new configuration forces a DTMS pin to follow TMS while no other 
DTMS pin is selected, the DTMS pin is forced low and does not begin following TMS until the falling edge of 
ТСК т the Run-Test/Idle TAP state; therefore, when an SSP is initially selected, the TAP state should travel from 
Update-DR to Run-Test/Idle, not from Update-DR to Select-DR-Scan. 


Although any combination of SSPs can be selected, the order of scan for each combination is fixed (see data 
flow description for details). The SR bit decoding is shown in Table 7. 


Table 7. Select Register-Bit Decoding 


DTMS DTDO 
[wes в | soumce | за | 
DIC БС | NNI 
ЕСІ КЕЛЕ И: ЕНИ КЕ 
ws | ама | 


t The DTDO1-4 outputs are active only in 
the Shift-IR and Shift-DR TAP states. 
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boundary-scan register/ID-bus register description 


The boundary-scan register (BSR) is a 10-bit serial register that can be used to capture data appearing at 
selected device inputs, force data through device outputs, and apply data to the device's internal logic. The BSR 
is made up of boundary-scan cells (BSCs). Table 8 lists the device signal for each of the 10 BSCs that comprise 
the BSR. A reset operation does not affect the contents of the BSR. 


Table 8. Boundary-Scan Register Bit Mapping 


TERMINAL 
NAME SIGNAL DESCRIPTION 


[s | ue мазно 
e | uco [Master conetionout — — — — ll C C] 
Се | 500787 | Enable control or DOO n state configuration (ecive ow) U | 
[5 [555054 [Enable control tor DCO in open-drain configuration (active ov] | 
[4 | pco [Device conditonout 2. 
[^ И СЕР ЕСО 
[72 | Cs fidentifcatonbusbits — — — — — — — | 
| | тва emiiestonbusb — — — C — 
To | тои елени — — — — — ——— —] 


t This internal signal cannot be observed from the I/O terminals of the device. 


The four BSCs connected to the ID(1—4) terminals form a subset of the BSR called the ID-bus register (IDBR). 
The IDBR can be scanned without accessing the remaining BSCs of the BSR. Figure 5 shows the order of scan 
for the BSR and IDBR. 


Bit 9 Bit 0 
TDI or DTDI 


IDBR 






















BSR 


Figure 5. Boundary-Scan Register Bits and Order of Scan 


bypass register description 


The bypass register (BR) is a 1-bit serial register. The BR provides a means of effectively removing the 
'ACT8997 from the primary scan path when it is not needed for the current test operation. Any selected 
secondary scan paths remain active in the primary scan path as described in the data flow description. At power 
up, the BR is placed in the scan path. During Capture-DR, the BR is preloaded with a low logic level. Figure 6 
shows the order of scan for the bypass register. 


TDI or DTDI TDO 


Figure 6. Bypass-Register Bit and Order of Scan 





35 TEXAS 
INSTRUMENTS 


8-108 POST OFFICE BOX 655303 € DALLAS, TEXAS 75265 


SN54ACT8997, SN74ACT8997 
SCAN-PATH LINKERS WITH 4-BIT IDENTIFICATION BUSES 
SCAN-CONTROLLED IEEE STD 1149.1 1 (JTAG) TAP CONCATENATORS 


SCAS157D - APRIL 1990 - REVISED DECEMBER 1996 


counter register description 


The counter register (CNTR) is an 8-bit serial register and an associated 8-bit parallel-load up/down counter. 
А reset operation forces all bits of the shift register to a logic O but does not affect the counter. The counter can 
be preloaded with an initial value before counting begins, and the current value of the counter scanned out via 
the shift register. The CNTR can be used to count events occurring on the secondary scan path(s) using the 
DCI pin as a counter clock and can output interrupt signals via DCO when the count has reached its end value. 


An internal signal, CE, is generated as a logic 0 when the count reaches its end value (i.e., 00000000 for count 
down, 11111111 for count up). For any other count value, CE is a logic 1. Many of the features of the CNTR are 
configured by a bit in the CTLR including: 


Count direction up or down (control register bit 9; reset condition = count up). 
Stop counting upon counting down to 00000000 (control register bit 8; reset condition = do notlatch on zero). 
Output CE signals at DCO (control register bits 5 and 6; reset condition = do not output CE at DCO). 
Edge of DCI on which to trigger (control register bit 1; reset condition = positive edge). 

Figure 7 shows the order of scan for the CNTR. 


(MSS) ie 


Figure 7. Counter-Register Bits and Order of Scan 
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data flow description 


The direction of serial-data flow in the 'ACT8997 is dependent on the current instruction and value of the SR. 
Figure 8 shows the data flow when one or more SSPs have been selected. When more than one SSP has been 
selected, the order of scan is determined by which SSPs have been selected as shown in Table 9. The 'ACT8997 
add one bit of delay from TDI or DTDI to DTDO. 


'ACT8997 ! 


ІН ог 
TD! SelecteaDR TPO 


МО SECONDARY SCAN PATH SELECTED 


'ACT8997 Selected Scan Path 'ACT8997 


IR or 
TDI (1-bit delay ОТООп TDI SSPn TDO DTDIn selectedDR TPO 


ONE SECONDARY SCAN PATH SELECTED 


'ACT8997 Selected Scan Path 


TDI  (i-bitdelay DTDOx 


'ACT8997 





'ACT8997 Selected Scan Path 'ACT8997 


| 

| 

L ото (1-bitdelay) DTDOm TDI SSP TDO отот ~ IR Or TDO 
y m Selected DR 


MULTIPLE SECONDARY SCAN PATHS SELECTED 


Figure 8. Data Flow in the 'ACT8997 
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Table 9. Scan-Path Configurations 


SR ВІТ SSP CONFIGURATION u 
SSP4 SSP3 SSP2 БЕРІ SCAN-PATH CONFIGURATION 


[0 о 01 | Inactive Inactive Inactive Асе 
adve iae Activa айе 
L0 o + 1 | маме Inactive Active Ам 
о 1 O 1 | Inactive _ Active ^ Inactive Active |TDI-(1)-SSP1-(1)-SSP3-SPL-TDO 

acive Active Active — Inactive 
inacive Active Active Active 
даће __падће  inadive inactive 
Active Inactive Active Падме 
Active Inactive Active — Active | TDI{1)-SSP1-(1)-SSP2-(1)-SSP4-SPL-TDO 

Active Active Inactive Inactive 
| 1 1 0 1 | Active Асе Inactive Active |TDI-(1)-SSP1-(1)-SSP3-(1)-SSP4-SPL-TDO 

Activo Active Active Inactive 
Active Active — Active — Active |TDI-(1)-SSP1-(1)-SSP2-(1)-SSP3-(1)-SSP4-SPL-TDO 


T The scan-path configuration is the order of scan, beginning with the TDI of the 'ACT8997 and ending with the TDO of the 'ACT8997. 
t A (1) indicates one bit of delay through the 'ACT8997. SPL indicates the selected scan register within the 'ACT8997. 





absolute maximum ratings over operating free-air temperature range (unless otherwise noted)§ 


Supply voltage range, Vcc ........ —————————————— -0.5Vto7 V 
Input voltage range, VI (see Note 1)............................................ —0.5 V to Усс + 0.5 V 
Output voltage range, Vo (see Note 1) ......................................... -0.5 V to Усс + 0.5 V 
Input clamp current, lik (Vi « D'Or V > Veo) ................................................. +20 mA 
Output clamp current, lox (Vi < 0 or Vi» Voc) ............................................... +20 mA 
Continuous output current, lo (Мо = 010 Voc) ........................................ +25 mA 
Maximum power dissipation at TA = 55°C (іп still air) (see Note 2: DW package .................. 1.7W 

NT package ................... 1.3 W 
Storage temperature range, Т40............-....................................... -65“ С to 150°C 


§ Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1. The input and output voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 

2. The maximum package power dissipation is calculated using a junction temperature of 150°C and a board trace length of 750 mils, 
except for the NT package, which has trace length of zero. For more information, refer to the Package Thermal Considerations 
application note in the ABT Advanced BiCMOS Technology Data Book, literature number 5СВ0002. 
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recommended operating conditions 


SN54ACT8997 | SN74ACT8997 
[| MN MAX| MN МАХ] “МТ 


| ав вв 45 ss v | 
ГАН Hiahlevelinputvotage — о Lv 
онно — — — — | L ву | 


| TDO, DTDO(1-4), MCO 
Юн High-level output current 
. |отмвс-д, обо (ваше, ток || s| 


EE — 
Dco open aranera sa — | — — | — j]. 
meu 180% 
[wk — — [| 
[TA OpewgWwearempedue — E s ој 
























IOL Low-level output current 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 


SN54ACT8997 SN74ACT8997 
PARAMETER TEST CONDITIONS 
| MIN MAX| MIN TYPT МАХ 
lousz7m _____| 36 k| 
TDO,DTDO(-4,MCO |Усс-45У 
TEL mA «с C j 


коолу E ONT DRE |) 

DTMS(1-4), DCO (3 state), Voc =4.5V OH 

оток Он 16 mA Е a = 
РЕТІ: —— — ООС ООО 

TDO, DTDO(1-4, MCO |Усс-45У 












Е E 

ion = tt mA ОРЕСТ 1 ЕЕЕ 
DCO (open drain ог 3 state) | Усс = 4.5 V 

ion = 16 тА pes IE: 7 МЕ? 

io. = 16m рр == 
DTMS(1-4) Voc =4.5 У 

EDT a = 

ion 2 mA Е а 
DTCK Voc =4.5V = 

OL = 48 mA —— LT —5 


DTDO(1-4), DTMS(1-4), 
loz? |рсо,ртск Vec=5.5V, Vo = Vcc or GND 


| (он | DCO (open drain) Voc = 5.5 У, Мо = Усс 
^ jeu _ MCI, DCI, ТСК, ID(1-4) > | Voc - 5.5 V, ЈЕ -Усс ог GND =. 






TDI, DTDI(1~4), Vecesav ЕСИ polls ow === 
ddl rm 
(сс (ус =5.5V, М = Vcc ог GND, lo = 


РИК: Voc = 5.5 V, One input at Vj = 3.4 М, 
АСС Other inputs at Усс or GND 
aoo CE — 


с, [о — — — — |Vo- VecerGNo = ЕТЕР 
co [Atoneroupus Vo -VccorGND || но а пета 


T Typical values are at Усс = 5 V. 

+ For I/O pins, the parameter loz includes the input-leakage current. For the DCO pin, the parameter loz includes the open-drain output-leakage 
current. 

§ This is the increase in supply current for each input being driven at TTL levels rather than Vcc or GND. 


р» | TRST 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperature 


SN54ACT8997 | SN74ACT8997 
| MN MAX| MN МАХ “МТ 


Пе _______ о m о 2 
s олан. DCI (count mode) 020] о = 
| TOK high or Tow Ce e 
Е ЛЕО ПОСТ SN ЈЕ те 


[TRST low | low 


TMS before TOKT л aer 

TDI before TOKT = 

Апу DTDibeforeTcKT __| 7 | 7 | 
Setup time 

MCI before TOKT аер у 

DCI betore TOKT ас — Бе = 

Any ID before TOKT ESE NE RE EHI] 


TMS after TCKT qupd 
TDI after TOKT ae RECONNUE, 
: Any DTDI after TCKT BE j| NONE 
Hold time 
MOI after TOKT с» р. +] 
DOI after TOKT a тұрат кад 
Any ID after TOKT ЖЕЛМЕН ae ДЕ 
u Deky time Power up to TOKT | ог ___ мо j| ~ 


* On products compliant о MIL-PRF-38535, this parameter is not production tested. 
















tw Pulse duration 





th 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (see Figure 9) 


PARAMETER FROM SN54ACT8997 | SN74ACT8997 UNIT 
теп өліп | | mn мах мн мах 
ТСК 




















l БСК БЕРІЛЕН 
MHz 
DCI (count mode) BEENDEN КЕТКЕН БЕТІНЕН 
Г з 
РІН DTCK 
tPHL | 2 1| 3 14| 


TCK 
3: в ° | 


— 
EDS TCKL Any DTDO 
m Soe 


1129 
pe TCKL Any DTMS 
рн 12 29 


ОСО (open drain) = 








t теку 
ДЕҢ DCO (3 state) | 9 321 12 30 
DCO (open drain | 9 34 12 32 
tPHL TCKL (ор ) 
DCO (3 state) |_о и] 12 29 
| _4 21| 6 19 
БЕН TMS Any DTMS 
{РНЕ 7 2! 
7 2 
PLH MCI MCO 
tPHL | 5 24 т 20 
| DCO (open drain) | э | 1 2 
ТРЪН 
DCO (3 state) | 6  29| 10 26 
i DCO (open drain) 10 25 
PNE DCO (3 state) | 6 26] 9 2 
|. 3 1] 5 15 
PHZ TCKL TDO 
П 3 fj 4 1⁄4 
== TCKL Any DTDO 
— — = мума реа 55. 
65 у 1:9 - 721] 
ва 9 2 
| в 30| 10 27 
Ерін TCKL TDO 
ва 3 10 28 
| 9 31| n 28 
БАН TCKL Any DTDO 
1 30 
| 8 aj t" 2 
Ei TCKL Any DTMS 
10 35| 13 33 
14 
at ток} | осо : — 
о = 
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Voc or GND 
Voc or GND 
Voc or GND 
Voc or GND 


APPLICATION INFORMATION 


TDI TDO 

--І- зара Цел 
к == 

то! TDO 
> 5. dcs БӘЖ eae 
ЕРЕ ЗЕРЕ На "T. 
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PARAMETER MEASUREMENT INFORMATION 


2xVec 


о tPLH/tPHL 
From Output Open 


Under Test 
CL =50 pF 
(soo Noto A) 


tPLZ/tPZL 
tPHz/lPzH 






GND 





о 


LOAD CIRCUIT 
——— dy 
Timing Input 1.5V 
--ы---М xd ey 
| | th 
| | 2 p Б Е $i 
Input 1.5 У 1.5 У Data Input 15V 1.5 V 
ov ОМ 
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS 
PULSE DURATION SETUP AND HOLD TIMES 
Sete 3V јан ЗУ 
Input 15V 15V piis 15V 1.5V 
(low-level NY оу 
| | | ov enabling) ¿L zi эш | т 
tPLH -— +> tPHL | p ! 
| | tPLZ (+ 
| | ——— v. Output | ~ М 
In-Phase | 50% V 50% a у Waveform 1 | 50% Усс | єє 
Output ° YCC мо Siat2xVcc | 20%VCC VoL 
| | (see Note В) tpHz — | 
{ “.--- tPLH t | РН? pi 
PHL | PzH [< 
Output | | 


Е | 50% V | 50% V VoH Waveform 2 50% V 80% Voc - VOH 
Output ° СС »“сс $1 at GND 9УСС -— 


——— VOL (see Note B) 


VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES ENABLE AND DISABLE TIMES 


NOTES: A. C, includes probe and jig capacitance. 
B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 
C. Input pulses are supplied by generators having the following characteristics: PRR < 10 MHz, Zo = 50 0, tr = 3 ns, ty = З ns. 
For testing pulse duration: |; = 1 to 3 ns, { = 1 to 3 ns. Pulse polarity may be either high-to-low-to-high or a low-to-high-to-low. 
D. The outputs are measured one at a time with one transition per measurement. 


Figure 9. Load Circuit and Voltage Waveforms 
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9 Members of theTexas Instruments SN54ACT8999... JT PACKAGE 
SCOPE™ Family of Testability Products iden oca NT PACKAGE 
€ Compatible With the IEEE Standard 1149.1 
(JTAG) Serial Test Bus ото восі 
€ Allow Partitioning of System Scan Paths OTMS 2 27] MCI 
е Can Ве Cascaded Horizontally or Vertically осоЦз 26] 101 
е Select One of Four Secondary Scan Paths MCO lj 4 25}) 102 
to Be Included in a Primary Scan Path DTDO Ц 5 24 ID3 


€ Provide Communication Between Primary а, 5 2 = 


and Remote Test Bus Controllers 
DTMS1 Цв 211] Усс 
е Include 8-Bit Programmable Binary Counter отмѕ2 9 201 106 
to Count or Initiate Interrupt Signals prMsallio — 191107 


9 Include 8-Bit Identification Bus for Scan DTMS4TI 11 18108 
Path Identification Бтв 2 171 TRST 
е Inputs Are TTL Compatible TDO[|13 16] TDI 
@ EPIC™ (Enhanced-Performance Implanted ТМ5 01а 151} TCK 
CMOS) 1-шт Process 
@ Package Options Include Plastic SN54ACT8999 ... FK PACKAGE 
Small-Outline (DW) Packages, Ceramic . (TOP VIEW) 
Chip Carriers (FK), and Standard Plastic Fe eee es ара 
(NT) and Ceramic (JT) 300-mil DIPs зава Заб 
description ом 08 432 | 25108 
The "АСТ8999 are members of the Texas MCI LJ 6 24 TRST 
Instruments SCOPE™ testability integrated- ос? 23Ц TDI 
circuit family. This family of components facilitates орто [18 22|| TCK 
testing of complex circuit-board assemblies. отм [19 21[] TMS 
, T , DCO || 10 200 ТОО 
The ’ACT8999 enhance the scan capability of Tl's мсо 11 по] DTRST 


SCOPE™ family by allowing augmentation of a 


system’s primary scan path with secondary scan LACE ALL 
paths (SSPs), which can be individually selected 0592992 
by the "АСТ8999 for inclusion in the primary scan EROS Е Е Е Е 


path. The device also provides buffering of test 
signals to reduce the need for external logic. 


By loading the proper values into the instruction register and data registers, the user can select one of four 
secondary scan paths. This has the effect of shortening the scan path to allow maximum test throughput when 
an individual subsystem (board or box) is to be tested. Any of the device’s six data registers or the instruction 
register can be placed in the device’s scan path, i.e., placed between test data input (ТО!) and test data output 
(TDO) for subsequent shift and scan operations. 


All operations of the device except counting are synchronous to the test clock (TCK). The 8-bit programmable 
up/down counter can be used to count transitions on the device condition input (ОСІ) and output interrupt signals 
via the device condition output (DCO). The device can be configured to count on either the rising or falling edge 
of DCI. 


SCOPE and EPIC are trademarks of Texas Instruments Incorporated. 





PRODUCTION DATA Information is current as of publication date. Copyright © 1996, Texas Instruments Incorporated 


Products conform to specifications per the terms of Texas Instruments | ucts com ge ni MIL-PRF-38535, а! meters are tested 
standard warranty. Production processing does not necessarily Include «X» TEXAS velas otherwise а On ай other qos production 
testing of all parameters. I processing does not paesi Include testing of all parameters. 
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description (continued) 


If a system's test architecture contains more than one test bus controller, the 8-bit bidirectional bus can be used 
to interface a higher-level primary bus controller (PBC) with one or more lower-level remote bus controllers 
(RBCs). A protocol allows the PBC to pass control of the 'ACT8999 to an RBC, freeing the PBC for other tasks. 
The 8-bit bus also can be hardwired to provide one of 256 codes for subsystem identification. The test access 
port (TAP) controller is a finite-state machine compatible with IEEE Standard 1149.1. 


The SN54ACT89960 is characterized for operation over the full military temperature range of -55°C to 125°C. 
The SN74ACT8999 is characterized for operation from 0°C to 70°C. 


functional block diagram 


Voc 


OTMS 2 > 









Test 


> 8 DTMS1 
Mode IÉ | 


a" DTMS2 
Select 


10 
Усс Circuit 12 DTMS3 
ото 1 > 


Vcc > 
мами P 


ЕШ ШЕ > 
осо 
АД вешеог 
MINE So 
8: ы мсо 


Е DTMS4 


DTDO 


5 
DCI 
3 


V 





MCI 


Data 
Registers 


101—108 


г | 
г] 
l| | — 
| | 
| 13 тро 
Instruction 
Register | | 
Усс 
14 № Primary 
ü qu = VEN 
тск 15 > 6 ртск 


Voc 


12 — — 
таст 741 > е > sms 


Pin numbers shown are for the DW, JT, and МТ packages. 
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functional block description 


The 'ACT8999 implements two separate functions in one package. The primary function of the device is to 
include a selected secondary scan path inthe system's primary scan path to enable a PBC to perform controlling 
and observing test functions on the selected path. This is accomplished by driving the TMS terminal(s) of a 
secondary scan path with one of the DTMS pins of the device. This approach allows a system to have built-in 
testability at all levels without requiring that the primary-system scan path always include all subsystem scan 
paths. As a result, test throughput is improved and the amount of test data that must be interpreted is reduced. 
The device includes error-detection circuitry that prevents the user from inadvertently activating more than one 
secondary scan path at a time. 


Another function of the device is provided by the 8-bit identification bus. This bus can be hardwired with pullup 
and pulldown resistors to supply an identification code to the test controller(s) to verify that test operations are 
being performed on the proper portion of the system. The bus can also transfer data and instructions to another 
device, such as alocal or remote bus controller, and pass control of the scan-path select function to that device. 
This frees the primary controller to activate another secondary scan path elsewhere in the system or perform 
higher-level test control functions. When the RBC is ready to return control of the device, interrupt signals alert 
the primary controller. 


The least-significant bit (LSB) of any value scanned into any register of the device is the first bit shifted in 
(nearest to ТОО). The most-significant bit (MSB) is the last bit shifted in (nearest to TDI). The 'ACT8999 is 
divided into functional blocks as detailed below. 


test ports 
The test ports decode the signals on TCK, TMS, OTMS, and TRST to control the operation of the circuit. Each 
test port includes a TAP controller that issues the proper control instructions to the data registers according to 
the IEEE Standard 1149.1 protocol. The TAP controller state diagram is shown in Figure 1. Two test ports are 
included on the 'АСТ8999, allowing different test controllers to command different sections of the device. 


TMS circuit 


The TMS circuit decodes bits in the select and control registers to determine which one, if any, of the DTMS 
pins (which provide mode-select signals to the secondary scan path(s)) follow the TMS pin or OTMS pin. The 
unselected DTMS pins are set by the circuit to a static high or low level. 


instruction register 


The instruction register (IR) is an 8-bit-wide serial-shift register that issues commands to the device. Data is 
input to the instruction register via TDI or DTDI and shifted out via TDO. All device operations are initiated by 
loading the proper instruction or sequence of instructions into the IR. 


data registers 


Six parallel data registers are included in the 'ACT8999: bypass, control, counter, boundary-scan, ID-bus, and 
select. The ID bus register is a part of the boundary-scan register. Each data register is serially loaded via TDI 
or DTDI and outputs data via TDO. Table 1 summarizes the registers in the 'ACT8999. 


Table 1. Register Summary 


instruction ____ 8 Tissue command inanmaton to tho ovce — — | 
[Remote тата | — 8 [issue command information tothe select register — — — | 
[мя _____| 13 | Configuration and enable conto пт 
„оте | e | Count events on DCI, output interrupts via DCO | 
Select] s [Select one of four DTMS pins to folow TMS or OTMS | 
[Boundary Sean | 15 [Capture and forca test data at device periphery | 
ова ____|| 8 ___[ Pass test commands and data between a РВС and REC) | 
Bypass | 1 [Remove the ACTE999 rom tho scan path 
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Terminal Functions 


TERMINAL 
NAME | DESCRIPTION 
DCI Device condition input. DCI receives interrupt and protocol signals from an RBC and/or the secondary scan path(s). 
When the counter register is instructed to count up or down, DCI is configured as the counter clock. 
Device condition output. DCO is configured by the control register to output protocol and interrupt signals to a PBC. 
It also can be configured by the control register to output an error signal if the instruction register or select register are 
loaded with invalid values. DCO is further configured by the control register as: 


Active high or active low (reset condition = active low) 
Open drain or 3-state (reset condition = open drain) 


Device test clock. DTCK outputs the buffered test clock TCK to the secondary scan path(s). 


Device test data input. ОТО! receives the serial test data output of the selected secondary scan path. An internal pullup 
forces DTDI to a high logic level if it is left unconnected. 


D 


Device test mode select 1—4. Either one or none ofthese four outputs can be selected to follow TMS or OTMS to include 
a secondary scan path in the primary scan path. The unselected DTMS outputs can be independently set to a static 
high or low logic level. The TMS circuit monitors input from the select register to determine the configuration of the 
DTMS outputs. 


Device test reset. This active-low output transmits a reset signal to the secondary scan path(s). DTRST can be 
asserted by a bit in the control register or by setting TRST low. 

































evice test data output. DTDO outputs serial test data to the TDI input(s) of the secondary scan path(s). 

























Identification 1-8. This 8-bit data bus can be used to communicate with an RBC and pass data and control instructions. 
By wiring pullup and pulldown resistors to these terminals, one of 255 unique identification codes can be assigned to 
the device to allow a test controller to determine the identity of the subsystem under test. 


Master condition input. MCI receives interrupt and protocol singals from a PBC. 


Master condition output. MCO transmits interrupt and protocol signals to an RBC and/or the secondary scan path(s). 
MCO also outputs an active-low error signal during the Pause-DR TAP state if an RBC loads an invalid value in the 
select register. 


Optional test mode select. OTMS can be used instead of TMS to control the select register. This is useful when a 
remote bus controller is available to control the secondary scan path(s). An internal pullup forces OTMS to a high level 
if left unconnected. 


Test clock. One of four terminals required by IEEE Standard 1149.1. All operations of the 'ACT8999 except for the 
count function are synchronous to TCK. Data on the device inputs is captured on the rising edge of TCK, and outputs 
change on the falling edge of TCK. 


Test data input. One of four terminals required by IEEE Standard 1149.1. TDI is the serial input for shifting information 
into the instruction register or selected data register. TDI is typically driven by the TDO output of the primary bus 
controller. An internal pullup forces TDI to a high level if it is left unconnected. 


Test data output. One of four terminals required by IEEE Standard 1149.1. TDO is the serial output for shifting 
information out of the instruction register or selected data register. TDO is typically connected to the TDI input of the 
next scannable device in the primary scan path. 


Test mode select. One of four terminals required by IEEE Standard 1149.1. The level of TMS atthe rising edge of TCK 
directs the 'ACT8999 through its TAP controller states. An internal pullup forces TMS to a high level ifleft unconnected. 


Test reset. This active-low input inplements the optional reset terminal of IEEE Standard 1149.1. When asserted, 
TRST causes the 'ACT8999 to go to the Test-Logic-Reset state and configure the instruction register and data 
registers to their power-up values. TRST is also output without inversion via DTRST. An internal pullup forces TRST 
to a high level if left unconnected. 


Supply voltage : 
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state diagram description 


The TAP proceeds through the states in Figure 1 accordingto IEEE Standard 1149.1. There are six stable states 
(indicated by a looping arrow) and ten unstable states in the diagram. A stable state is defined as a state the 
TAP can retain for consecutive TCK cycles. Any state that does not meet this criterion is an unstable state. 


There are two main paths through the state diagram: one to manipulate a data register and one to manipulate 
the instruction register. No more than one register can be manipulated at a time. 


Test-Logic-Reset 
Run-Test/Idle 





TMS 












Select-DR-Scan Select-IR-Scan 


= 


Pause-DR 


р Update-DR 










TMS =L 


TMS =L 

TMS=L 
TMS =H 

TMS = Н 


Pause-IR 
Update-IR ч 


TMS = L 








, | 







Figure 1. TAP-Controller State Diagram 
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Test-Logic-Reset 


In this state, the test logic is inactive and an internal reset signal is applied to all registers in the device. During 
device operation, the TAP returns to this state in no more than five TCK cycles if the test mode select (TMS) 
inputis high. The TMS pin has an internal pullup that forces it to a high level if it is left unconnected or if a board 
defect causes it to be open circuited. The device powers up in the Test-Logic-Reset state. 


Run-Test/Idle 


The TAP must pass through this state before executing any test operations. The TAP may retain this state 
indefinitely, and no registers are modified while in Run-Test/Idle. The 8-bit programmable up/down counter can 
be operated in this state. 


Select-DR-Scan, Select-IR-Scan 
No specific function is performed in these states; the TAP exits either of them on the next TCK cycle. 
Capture-DR 


The selected data register is placed in the scan path (i.e., between TDI and TDO). Depending on the current 
instruction, data may or may not be loaded or captured by that register on the rising edge of TCK, causing the 
TAP state to change. 


Shift-DR 


In this state, data is serially shifted through the selected data register from TDI to TDO on each TCK cycle. The 
first shift does not occur until the first TCK cycle after entering this state (i.e., no shifting occurs during the TCK 
cycle in which the TAP changes from Capture-DR to Shift-DR or from Exit2-DR to Shift-DR). On the falling edge 
of TCK in Shift-DR, TDO goes from the high-impedance state to the active state. TDO enables to the value 
present in the least-significant bit of the selected data register. 


Exit1-DR, Exit2-DR 


These are temporary states used to end the shifting process. It is possible to return to the Shift-DR state from 
either Exit1-DR or Exit2-DR without recapturing the data register. The last shift occurs on the TCK cycle in which 
the TAP state changes from Shift-DR to Exit1-DR. TDO changes from the active state to the high-impedance 
state on the falling edge of TCK in Exit1-DR. 


Pause-DR 


The TAP can remain in this state indefinitely. The Pause-DR state suspends and resumes shift operations 
without loss of data. 


Update-DR 


If the current instruction cails for the latches in the selected data register to be updated with current data, the 
latches are updated only during this state. 


Capture-IR 
The instruction register is preloaded with the IR status word (see Table 4) and placed in the scan path. 
Shift-IR 


In this state, data is serially shifted through the instruction register from TDI to TDO on each TCK cycle. The 
first shift does not occur until the first ТСК cycle after entering this state (i.e., no shifting occurs during the ТСК 
cycle in which the TAP changes from Capture-IR to Shift-IR or from Exit2-IR to Shift-IR). On the falling edge of 
TCK in Shift-IR, TDO goes from the high-impedance state to the active state, and will enable to a high level. 
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Exit1-IR, Exit2-IR 


These are temporary states used to end the shifting process. It is possible to return to the Shift-IR state from 
either Exit1-IR or Exit2-IR without recapturing the instruction register. The last shift occurs on the ТСК cycle in 
which the ТАР state changes from Shift-IR to Exit1-IR. ТОО changes from the active state to the 
high-impedance state on the falling edge of TCK in Exit1-IR. 


Pause-IR 


The TAP can remain in this state indefinitely. The Pause-IR state suspends and resumes shift operations without 
loss of data. 


Update-IR 
In this state, the latches shadowing the instruction register are updated with the new instruction. 


instruction register description 


The instruction register (IR) is an 8-bit serial register that outputs control signals to the device. Table 2 lists the 
instructions implemented in the 'ACT8999 and the data register selected by each instruction. The MSB of the 
IR is an even-parity bit. If the value scanned into the IR during Shift-IR does not contain even parity, an error 
signal (IRERR) is generated internally as shown in Table 3. The 'ACT8999 can be configured to output IRERR 
via DCO if the TAP enters the Pause-IR state. 


During the Capture-IR state, the IR status word is loaded. The IR status word contains information about the 
most recently loaded values of the instruction and select registers and the logic level present at the DCI input. 
The IR status word is encoded as shown in Table 4. Figure 2 shows the order of scan for the IR. 


BIt 7 Bit 0 


Figure 2. Instruction-Register Bits and Order of Scan 
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Table 2. Instruction-Register Opcodes 


BINARY CODE 
BIT 7— вто 
MSB — LSB 


00000000 
10000001 
10000010 
00000011 
10000100 
00000101 


| о _ 
8 | 
| 82 |  SAMPLE/PRELOAD | Samplebounday — | — Boundaryscan | 
D 7:83] 
[84 | 
| 05 | 
00000110 | 6 | 
9 | 


INTEST 
BYPASS 
BYPASS! 


10000111 
10001000 
00001001 
00001010 


90001100 
Г оон | eo | Bypass — | — ypassscan — | Bypass [ ота | 
[ооо [ = | воямон | бошотедиезал | сом | Мота | 
[юм — | oF | SCAN | _Conotregisterscan | сом — — | Мота | 
[meo [ м | воаномт | _Countersean — | Соше — — | Мота 

ІШТІ Norma 

mmo | rc | — SCANIDB | Dbus registerscan | — Фән | 
otto Norma 


t A SCOPE opcode exists but is not supported by the 'ACT8999. 





Table 3. IRERR Function Table 


NO. OF INSTRUCTION 
REGISTER BITS = 1 
92468 | 1 | 
[о | 


Table 4. Instruction-Register Status Word 


IR BIT VALUEt 
IRERR (see Table 3) 
EE Level present at DCI input (1 = H, 0 = L) ` 
| 2°] SRERR (see Table 8) 














+ This value is loaded in the instruction register during 
the Capture-IR TAP state. 
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instruction-register opcode description 


The operation of the 'ACT8999 is dependent on the instruction loaded into the instruction register. Each 
instruction selects one of the data registers to be placed between TDI or DTDI and TDO during the Shift-DR 
TAP state. All the required instructions of IEEE Standard 1149.1 are implemented in the 'ACT8999. 


boundary scan 


This instruction implements the required EXTEST and optional INTEST operations of IEEE Standard 1149.1. 
The boundary-scan register (which includes the ID-bus register) is placed in the scan path. Data appearing at 
input pins included in the boundary-scan register is captured. Data previously loaded into the output pins 
included in the boundary-scan register is forced through the outputs. 


bypass scan 


This instruction implements the required BYPASS operation of IEEE Standard 1149.1. The bypass register is 
placed in the scan path and preloads with a logic O during Capture-DR. 


sample boundary 


This instruction implements the required SAMPLE/PRELOAD operation of IEEE Standard 1149.1. The 
boundary-scan register is placed in the scan path, and data appearing at the inputs and outputs included in the 
boundary-scan register is sampled on the rising edge of TCK in Capture-DR. 


count 


The counter register begins counting on each DCI transition. The count begins from the value present in the 
register before the count instruction was loaded. The counter can be configured by the control register to count 
up or down on either the low-to-high or high-to-low transition of ОСІ. Counting occurs only while in the 
Run-Test/ldle TAP state. 


control-register scan 


The control register is placed in the scan path for a subsequent shift operation. The register is not preloaded 
during Capture-DR. 


counter-register scan 


The counter register is placed in the scan path. During Capture-DR, the current value of the counter is loaded 
in the counter register. At Update-DR, the newly shifted value is preloaded to the counter. 


counter-register read 


The counter register is placed in the scan path. During Capture-DR, the prior preload value of the counter is 
loaded into the counter register. At Update-DR, the newly shifted value is preloaded to the counter. 


ID-bus-register scan 


The ID-bus register (a subset of the boundary-scan register) is placed in the scan path for a subsequent shift 
operation. The data appearing on the ID bus is loaded into the ID-bus register on the rising edge of TCK in 
Capture-DR. | 


ID-bus register read 


The ID-bus register is placed in the scan path for a subsequent shift operation. The register is not preloaded 
during Capture-DR. 


select-register scan 


The select register is placed in the scan path for a subsequent shift operation. The register is not preloaded 
during Capture-DR. 
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control-register description 


The control register (CTLR) is a 13-bit serial register that controls the enable and select functions of the 
'ACT8999. A reset operation forces all bits to a logic 0. The contents of the control register are latched and 
decoded during the Update-DR TAP state. The specific function of each bit is listed in Table 5. The enable and 
select functions of the control register bits are mapped as follows: 


Table 5. Control-Register Bit Mapping 


VALUE FUNCTION 
| о _ |Configure counter to count up 


Configure counter to count down 


Do not stop counting when the count reaches 00000000 
Stop counting when the count reaches 00000000 (count down only) 
10 Configure DCO as an active-low output 


ра | Configure DCO as an active-high output 


DCO = Inactive (level depends on CTLR bit 10) 
Lx DCO = (НЕВА • SRERR) 


DCO = CE, an internal logic 0 generated when the count is 00000000 (count down) or 11111111 (count up) 
DCO = ОС! 


gem Do not mask IRERR and SRERR from DCO 


ES Mask IRERR and SRERR from DCO 


Ex Configure DCO as an open-drain output 


| 1 [Contigure DCO as a 3-state output 


| о _ | Disable DCO 
—— Enable DCO 


| 0 [Configure DCI as an active-low input 


БН Бағын Configure DCI as ап active-high input 


Š | 0 [Enable DTCK, ОТОО, and DTMS(1-4) 
Disable DTCK, ОТОО, and DTMS(1—4) 


| O [Disable ID(1-8) 


Enable 10(1-8) 


| O | Disable RBC 


Enable RBC 
DTRST = TRST 


| 1 | DTRST=L 


Bit 12 - Up/Down 
This bit sets the count mode of the counter register (reset condition = count up). 
Bit 11 — Latch on Zero 


The counter register can be configured to stop counting when its value is 00000000 and ignore subsequent 
transitions on the counter clock, ОСІ. The latch-on-zero option is valid only in the count-down mode 
(reset condition = do not latch on zero). The value of this bit has no effect on the operation of the counter if 
CTLR bit 12 =0. 


Bit 10 – DCO Polarity Select 
DCO can be configured as an active-low or active-high output (reset condition = active low). 
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Bit 9/Bit 8 – DCO Source Select 1/DCO Source Select 0 


DCO can be used to output two error signals generated by the 'ACT8999: IRERR (see Table 3) and SRERR 
(see Table 8). Bits 9 and 8 can be setto output IRERR via DCO on the falling edge of TCK in the Pause-IR state 
and SRERR via DCO on the falling edge of TCK in the Pause-DR state. DCO also can be configured to become 
active when the value of the counter is 00000000, to follow DCI, or be set to a static high or low level (reset 
condition = static high level). 


Bit 7 — Parity Mask 


The internal error signals can be masked from appearing on DCO even if bits 9 and 8 are set such that IRERR 
and SRERR are output in the Pause-IR and Pause-DR states (reset condition = do not mask IRERR or SRERR). 


Bit 6 - DCO Drive Select 


ОСО сап be configured as either an open-drain or 3-state output (reset condition = open drain). The open-drain 
configuration allows multiple DCO outputs to be used in a wired-OR or wired-AND application. The 3-state 
configuration allows the DCO output to be connected to a bus. 


Bit 5 - DCO Enable 


When configured as a 3-state output, DCO can be placed in the high-impedance state 
(reset condition = disabled). If configured as an open-drain output and disabled, DCO outputs a high level. 


Bit 4 – ОСІ Polarity Select 
DCI can be configured as an active-low or active-high input (reset condition = active low). 

















Bit 3 — Device Test Pins Output Enable (active low) 


DTCK, DTDO, and DTMS(1-4) pins can be placed in the high-impedance state (disabled) with this bit 
(reset condition = enabled). 


Bit 2 - ID Bus Enable 


The ID bus (ID1—8) is a bidirectional bus. The output buffers are enabled and disabled with this bit 
(reset condition = output buffers disabled). 


Bit 1 - Remote-Bus-Controller (RBC) Enable 


An RBC can issue protocol and data instructions to the select register if the 'ACT8999 is configured to allow 
it (reset condition = RBC disabled). When an RBC is enabled, the TAP in the select register operates according 
to the OTMS signal. 


Bit 0 – Device Test Reset 


DTRST can be configured to output a reset signal independently of the level on TRST (reset condition = no reset 
signal issued). 


Several control-register bits affect the functionality of the DCO output. The DCO function table is given 
in Table 6. Figure 3 shows the order of scan for the control register. 


TDI 
Bit 12 Bit 0 
proi |458) ES EH sd ES | Eis] ЕЙ ES esm j? 29 


Figure 3. Control-Register Bits and Order of Scan 
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Table 6. DCO Function Table 


























CONTROL REGISTER BITS 

IRERR SRERR СЕ |вт10 вто ВТЗ BIT7 BIT6 BITS ВП4 | во | 
L 
X M 
[m J o І 
он ПИ и к [o — 3 лт кл 


T These signals are generated as described elsewhere in this data sheet. 

t The control register must contain these values after the TAP has passed through its most recent Update-DR state. 

$ DCO becomes active on the falling edge of TCK as the TAP enters the appropriate pause state (Pause-IR or Pause-DR) and becomes inactive 
on the falling edge of TCK as the TAP enters the appropriate exit2 state (Exit2-IR or Exit2-DR). 


select register description 


The select register (SR) is an 8-bit seria! register that determines which one, if any, of the DTMS lines follows 
the TMS or OTMS input. A reset operation forces all bits to a logic 0. The register is divided into four 2-bit 
sections, each of which controls one DTMS output. Figure 4 shows the mapping of the bits to the DTMS outputs 
and the order of scan. For each DTMS pin, the higher-order bit is the MSB and the lower-order bit is the LSB 
(e.g., bit 3 is the MSB of DTMS2 and bit 2 is the LSB of DTMS2). 


Figure 4. Select Register Bits and Order of Scan 
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select register description (continued) 


Only one of the four DTMS outputs can be selected to drive a secondary scan path with TMS or OTMS. If the 
SR is loaded with an invalid value, an error signal (SRERR) is generated internally as shown in Table 8. If the 
TAP enters the Pause-DR state, SRERR may be output via DCO (see Table 8). if the TAP enters the Update-DR 
state while an invalid value is in the SR, all four DTMS outputs are set to a high level. 








When a new 8-bit value is loaded into the SR, the configuration of one or more DTMS pins may change. If the 
new value of the SR configures a DTMS pin to a static (high or low) level, it assumes that level on the falling 
edge of TCK in the Update-DR TAP state. This condition is independent of any previous SR configurations. If 
the new value ofthe SR forces a DTMS pinto follow TMS (i.e., select a single secondary scan path) and a DTMS 
pin is currently in the TMS/OTMS-follow mode, the transfer of the DTMS line occurs on the falling edge of TCK 
in the Update-DR TAP state. However, if the new configuration forces a DTMS pin to follow TMS/OTMS while 
no other DTMS pin is selected, the DTMS pin does begin following TMS/OTMS until the falling edge of TCK 
in the Run-Test/Idle TAP state; therefore, when an SSP is initially selected, the TAP state should travel from 
Update-DR to Run-Test/Idle, not from Update-DR to Select-DR-Scan. Additionally, when deselecting from any 
DTMS output the TAP state must proceed back through Capture-DR to fully disconnect from SSP operations. 


The SR can also be accessed from an RBC. A test port in the register contains a TAP that can be enabled by 
the control register to monitor the values of TCK and OTMS to perform scan operations on the SR. The SR bit 
decoding is shown in Table 7. 


Table 7. Select-Register Bit Decoding 





Table 8. SRERR Function Table 

















SELECT REGISTER BITS 

BIT7 BIT6 BITS BIT4 БІЗ BIT2 BIT1 вто Ed 
ЕВЕ ЗЕР a ЖЕТТЕН ЕТЕ 
(ee м Os 
сох до А ш хы SE БЕСІН 
кх л хх к куо | 
a x n X и хх Xx | ө 
BEWSE ass SSES: крои 
eee ИЛЕР: ШЕ NES HE SUPCR CUNG 
E HS Т а QUAM НО 
X X X X 1 X 1 x] o | 
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boundary-scan register/ID-bus register description 


The boundary-scan register (BSR) is a 15-bit serial register that can be used to capture data appearing at 
selected device inputs, force data through device outputs, and apply data to the device's internal logic. The BSR 
is made up of boundary-scan cells (BSCs). Table 9 lists the device signal for each of the 15 BSCs that comprise 
the BSR. A reset operation does not affect the contents of the BSR. 


Table 9. Boundary-Scan Register Bit Mapping 


E SIGNAL DESCRIPTION 


NAME 
Master condition in 
Master condition out 
Device condition in | 

> | 5 | WWentifcatinbusbta | 
| 6 | 1567 || Identification bus bit 7 
[s | о ееп 
[4 | is  hemWcwontusbts | 
| 3 | 104 | Identification bus bit 4 
| 2 | 103 || Identification bus bit 3 
| 1 | ь | Identification bus bit 2 
| о | __101 | Identification bus bit 1 


+ This internal signal cannot be observed from the I/O pins of the device. 


ЕШ 
ЕШ 
EN 
ЕСЕ 
EN 
Ea 





The eight BSCs connected to the 10(1-8) pins form a subset of the BSR called the ID-bus register (IDBR). The 
IDBR can be scanned without accessing the remaining BSCs of the BSR. The IDBR is used when the ID bus 
is enabled to allow communication between a PBC and one or more RBCs. Figure 5 shows the order of scan 
for the BSR and IDBR. 


TDO < 





IDBR 


Figure 5. Boundary-Scan Register Bits and Order of Scan 
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bypass register description 


The bypass register (BR) is a 1-bit serial register. The function of the BR is to provide a means of effectively 
removing the "АСТ8999 from the primary scan path when it is not needed for the current test operation or other 
function of the PBC. A selected secondary scan path remains active in the primary scan path as described in 
the data flow description. At power up, the BR is placed in the scan path. Figure 6 shows the order of scan for 


the bypass register. 
TDI or DTDI TDO 


Figure 6. Bypass-Register Bit and Order of Scan 


counter register description 


The counter register (CNTR) is an 8-bit serial register and an associated 8-bit parallel-load up/down counter. 
A reset operation forces all bits of the shift register to logic O but does not affect the counter. The counter can 
be preloaded with an initial value before counting begins, and the current value of the counter can be scanned 
out via the shift register. The CNTR can be used to count events occurring on the secondary scan path(s) using 
ОС! as a counter clock and can output interrupt signals ма DCO when the count has reached its end value. 


An internal signal, CE, is generated as a logic 0 when the Count reaches its end value (i.e., 00000000 for count . 
down, 11111111 for count up). For any other count value, CE is alogic 1. Many of the features of the CNTR are 
configured by a bit in the CTLR, including: 


— Count direction up or down (control register bit 12; reset condition count up) 


—  Stopcounting upon counting down to 00000000 (control register bit 11; reset condition = do not latch on 
zero) | 


— Output CE signals at DCO (control register bits 8 апа 9; reset condition = do not output CE at DCO) 
- Edge of DCI on which to trigger (control register bit 4, reset condition = positive edge) 
Figure 7 shows the order of scan for the CNTR. 


Bit7 : Bit 0 


Figure 7. Counter-Register Bits and Order of Scan 
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enabling a remote bus controller 


Bit 1 in the control register allows a remote bus controller to control parts of the 'ACT8999. When an RBC is 
enabled, the remote test port (RTP) in the select register is activated. The RTP operates according to the same 
state diagram as the primary test port but only has access to the select register. Operation of the RTP is 
synchronous to TCK. OTMS Is the RTP mode-select pin. 


The RTP contains an 8-bit instruction register. Data is shifted in ма ОТО! and shifted out via DTDO. As shown 
in Table 10, only one instruction selects something other than the bypass register to be included in the scan path. 
When ЗСАМЗЕ is executed, the select register is placed between ОТО! and DTDO. The function of the select 


register and the decoding of the select register bits by the TMS circuit is identical, regardless of which test port 
accesses the register. 


Table 10. Remote-Test-Port Instruction-Register Opcodes 


BINARY CODE 
SCOPE SELECTED 
BIT7BITO | ОРСООЕ РЕЗОН DATA REGISTER 
MSB > LSB 


01111110 SCANSEL | Select-register scan 
Aaner | BYPASS 


An internal error signal (RSRERR) is generated if an RBC loads an invalid value in the select register, and the 
MCO output goes low if the RSRERR is active and the remote TAP enters the Pause-DR state. The function 
table for RSRERR is shown in Table 11. | 










Table 11. RSRERR Function Table 


SELECT REGISTER BITS я 
BIT7 BIT6 BITS вта Бтз Вт? BiT1 вто | ПРЕПА | МСО 
MCI 


0 X 0 X 0 X 0 X 

























1 X 0 X 0 X 0 X MCI 

0 X 1 X 0 X 0 X MCI 

ма 

ма: 
БЕЕН НЕ ee ве ЊЕ 
ee ee ee ПЕВА 
Ete. OMNE DARE ODE CHR E За реки слави пн еди 
ee NODI DER NC RM е | л 
[коок с ed ш рли] 
Е x жк к йыл е |] 





t This table is valid only when the remote ТАР is in the Pause-DR state. Under any other condition, 
MCO = MCI. 


The RTP does not have access to the control register, so it cannot disable itself. The PBC must reset bit 1 in 
the control register to return control of the select register to the primary test port. 
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data flow description 


The direction of serial data flow in the 'ACT8999 is dependent on the current instruction. Figure 8 shows the 
data flow for the different operating modes of the device. When a secondary scan path is selected, the 'ACT8999 
adds one bit of delay from TDI to DTDO. 


"АСТ8999 


IR ог 
TD! SelectedDR TPO 


RBC DISABLED, NO SECONDARY SCAN PATH SELECTED 


'ACT8999 Selected Scan Path 'ACT8999 


| l 
TDI  (f-bitdelay DTDO TDI TDO фото сепи тро 


RBC DISABLED, ONE SECONDARY SCAN PATH SELECTED 













'ACT6999 Remoto Bus Controller Selected Scan Path 








Secondary IR 
ОТОТ ог Select Reglster 5189 





IR or 
TDI Selected DR TDO 


RBC ENABLED 
Figure 8. Data Flow in the 'ACT8999 


bus-communication protocol 


The 8-bit identification bus [ID(1—8)] allows data transfer between a PBC and an RBC. Control register bit 2 
configures the 'ACT8999 to transmit or receive command and test data via the ІОВА. Тһе ОСІ, DCO, MCI, and 
MCO pins are used to signal the PBC and RBC(s) that a data transfer is required. The 'ACT8999 can 
accommodate either local or global handshake protocol, depending on the number of DCO inputs that the PBC 
can accommodate. 


Figure 9 shows a protocol for local communication between the PBC and an RBC. In this mode, communication 
is initiated by the PBC by driving the MCI input of the "АСТ8999 to a low level. MCI is buffered and output on 
МСО, which notifies the RBC that control of a scan path is to be relinquished. Prior to activating the MCI signal, 
the PBC scans the value 00000000 into the ІОВА and enables the output buffers of ID(1-8). When the RBC 
recognizes that MCO has gone low, it samples the ID bus and looks for the 00000000 value to verify that the 
PBC is going to issue further commands. Upon verifying Ше value on the ID bus, the RBC drives DCI low, which 
is buffered and output via DCO. (In this example, DCI is configured as noninverting and DCO is configured as 
active low). When the PBC sees that DCO is active, it takes MCI high, forcing MCO high. When the RBC sees 
that МСО is high, it takes DCO high (inactive) completing one handshake cycle. A similar operation can ensue 
when the RBC initiates communication with the PBC as shown in Figure 9. Commands and test data can be 
exchanged between two bus controllers via the ID bus. 


Figure 10 shows one way of using the ID bus to interface a PBC to multiple RBCs. The timing is similar to the 
local communication example in Figure 9, exceptthat the PBC waits for all RBCs to acknowledge transmissions 
before switching MCI. 
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LOCAL PBC-TO-RBC HANDSHAKE PROTOCOL 


LOCAL RBC-TO-PBC HANDSHAKE PROTOCOL 


Figure 9. Local Bus-Communication Protocol 


ID(1-8) IDCODE 00000000 (coma Х › 00000000 IDCODE 


GLOBAL PBC-TO-RBC HANDSHAKE PROTOCOL 


оси | | | | | | | | | | 
DCI2 | | | | | | 
Әсіп | | | | | | 


GLOBAL RBC-TO-PBC HANDSHAKE PROTOCOL 
Figure 10. Global Bus-Communication Protocol 
ETE 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 


Supply voltage range, VCC ык ары сөкет e Va daa ta EE ЕЕ ан —0.5 V to 7 V 
Input voltage range, Vj (see Note 1) ............................................ -0.5 V to Усс + 0.5 V 
Output voltage range, Мо (see Note 1) ......................................... -0.5 V to Voc + 0.5 У 
Input clamp current, lik (Vi <0 or V > VGC) ее ваен ве еннен анак а бн наан ква +20 тА 
Output clamp current, lox (М <0 or Vj» Мас) .......................................... ... +20 тА 
Continuous output current, Іо (Мо = 0 to Voc) .............................................. +25 тА 
Maximum power dissipation at Ta = 55°С (in still air) (see Note 2): DW package ................. . 1.7 W 

NT package ............ ....... 1.3 W 
Storage temperature range, Тек „че re ence nee ee nn —65?C to 150°C 


1 Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1. The input and output voltage rating may be exceeded if the input and output clamp-current rating are observed. 

2. The maximum package power dissipation is calculated using a junction temperature of 150°C and a board trace length of 750 mils, 
except for the NT package, which has trace length of zero. For more information, refer to the Package Thermal Considerations 
application note in the ABT Advanced BiCMOS Technology Data Book, literature number SCBD002. 


recommended operating conditions 


SN54ACT8999 | SN74ACT8999 
UNIT 


ус бирите 22147545 ss[ v | 
Vin Highevelinputvokage ОЕ T z у 
Уш _Low-levelinputvotage — — ИС L v 
LE — — [зэ — 3 

ma 
(отм(-2, D00 зае OTST orek | m| e 
Bag ccce ИИ: EET] 
Fmopmowco — — — — | —— — 7| m 
отапа) pco Gsaeoreengan) | Ир м 
Dm ЕУ И 
[pk pk E) 
ТА болайн атш Прво ос 



















loH High-level output current 














IOL Low-level! output current 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 


SN54ACT8999 SN74ACT8999 
PARAMETER TEST CONDITIONS Усс UNIT 
мн мах] MN ТҮРІ МАХ 















Іон -1.5 mA 
ID(1-8) 
ОН = —2 тА asy] ___| 32 O 
45V| 36 | O Yë O| 
тоо, ртр мо | DTDO, MCO јон ES V 
700, 0100, uco [es z-10mA ЕТІ O O |з = 
DTMS(1-4), DCO (3 state), |1он = —11 mA |45V| 36 | — | 
ОТАТ, ОТОК ОН = -16 mA asy] O 37 — O 
ОГ = 1.5 mA | 45у| ____05| y | 
ID(1-8) 
loL = 2 mA ЕТГІ ЕН БИЕТІ 
loL=7mA | 
TDO, DTDO, MCO 
101 = 10mA asy] Jo o 
DTMS(1-4), DCO lo. = 11 тА asv] os] Кен g 
(3 state or open drain) loL = 16 mA asy] 1 1 ] y 06 
loL = 16 mA asv] 05| 
sd IOL = 24 mA asy] 1 | oe 
IOL = 32 ПА |45V| 05| 
DTCK 
loL = 48 тА э ана 
00-8) DTDO, DTMS(1-4), 
= DCO (open drain) Мо = Усс ива 
MCI, DCI, ТСК М = Усс or GND 55] __-| _____- 
Vi=Voc 
TDI, DTDI, TMS, OTMS, TRST Vi = GND 201 “01 “26 
(с МеМссобмо, 0-0 |55М| 10) 100] pA | 


soc Опи бриз a Vo GND 
Vis Vog or GND pee 
RE (CTT NS ПИ S ЕСІН 
Fc, [uapa — — |vo-veceráwo ОИ ПО dC 
Fe [oo — — |vo=vecerend — — | || 0 | ве | 


t Typical values are at Усс = 5 V. 
+ For О, the parameter loz includes the input-leakage current. For DCO, the parameter 107 includes the open-drain output-leakage current. 
§ This is the increase in supply current for each input being driven at TTL levels rather than Voc or GND. 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (see Figures 11 and 12) 


SN54ACT8999 | SN74ACT8999 
С MN MAX| MN МАХ] МТ 


TOK [ o 2 
MHz 


DCI (count mode) 





felock Clock frequency 










TCK high or low 
tw Pulse duration DCI high or low (count mode) 
TRST low 


| 0 æ% 
0 2) о 2 
в f A 
SU 9 j ° | 
= ЗЕЕ — 
TMS before TCKT 9 | | 9 | 
OTMS before TCKT | 12 | 12 | 
TDI before TCKT 
tsu Setup time DTDI before TCKÎ | Jj jJ ćű | 
MCI before TCKT | 5 || 5 
ОСІ before TCKT | 9 | $ ` | 
Any ID before TCKT 
TMS after TCKT ЕСЕН БЕНЕН 
OTMS ater TCKT = — = 
TDI ater TCKT а стат 
th Hold time ОТО! after TCKT 
MCI ater TCKT НЕ = = 
DCI afer TOKT = ees с=т 
Any ID after TCKT | 5 | 5 | 


td Delay time Power up to TCKT 


* On products compliant to MIL-PRF-38535, this parameter is not production tested. 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (see Figures 11 and 12) 


ERO тб ЕТЕТ CZO 
PARAMETER кел (OUTPUT) 
DCI ан mode) — — 
tPLH Блай — 3 14 
tPHL 


7 æ 
E 


Em г 
‘PHL s 27 
















a NN 
— тск! Апу DTMS 

[| — 
10 33 

prece m TCKL DTRST 

| fH. O 10 33 
22 _ 61 

ш == == ток} Any ID 

| — tu | — е 

t | е | = = 
— м | 

— ров 


я DCO (open drain) | 4__ 45| 18 42] 
| ма | or = 
DCO (3 state | 10 _ 40| n _ 38 
TCKL (2 state) 
DCO (open drain) Lá 
BETTE DCO (3 state) _ 10 a| n 35 


——— 
=== 3 Any DTMS 
= == 
| SEC 
ШЕ ще NN 
T = = m 
= 
[oem [=_= в 


DCO (open drain) ИЛИ sa TET 
| ws | 

DCO (3 state) зо о 

DCO (open drain | 8 34| 9 32 


t 
ил со ее = 
ж 5 в 
РЕН TRST i DTRST 
75-8 в 2 
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switching characteristics over recommended ranges of supply voltage and operating free-air 


temperature (see Figures 11 and 12) (continued) 
EE SN74ACT8999 Ган кі T 
UNIT 
жы кк 







ЕВОМ то 
РАНАМЕТЕН (INPUT) (OUTPUT) 
ЕЕЕ =, HZ ток 
те 
в 
= Hz TCKL DTDO 
74 
ов в м 
ЕНЕ TCKL Any DTMS 
| r a 
2—2 
| И 7 г 
12 14 36 
БНА тск} Any ID 
10 3 
и | ои 
ој в s 
9 33 
ed TCKL TDO 
tPZL 11 34 
o | и а 
2028 ТСК DTDO 
кес — RR 
| ко ==. 
н TCKL Any DTMS  Я 
са ——J— 
1PZH TCKL 14 — 43 
tPZL 10 38 11 36 
юра то 
ат TCKL Any ID ЕЗ 
ee — => | 2 = 
18 — 65| 20 6 
EH Any ID 
tPZL | 2 62 





| 






~ 






[o 
о ~ 
со со 
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APPLICATION INFORMATION 


r = ee Gee SES EE ep SE EE a EE FE ПЕЊЕ ӨО ee баты» ey) EE OE ED ee ЕШ солып Gee ce ee ee e жалға 
Subsystem 
TRST тоо 
— Ди ың = 
aM E J 
TRST TDO 
[x TDI SSP3 TCK pou 
Nm: = al 






'ACT8999 


M e cu uU EL E 


To Remainder 
of Primary 
Scan Path 


— — ч Ат > — 
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PARAMETER MEASUREMENT INFORMATION 


o 2xVcc 


From Output 
Under Test 
CL = 50 pF 

(see Note A) 






5000 


Ho 


LOAD CIRCUIT 


M—— м — =p 
| | av 


Input 15V 1.5 V 


VOLTAGE WAVEFORMS 
PULSE DURATION 


1.5V 
| | 2x 


| | є tPHL 
| | 


Input 


тн 7€ 


— —— Мон 
| 50% Усс 50% Усс 
| VoL 
| 


In-Phase 
Output 


| 
{PHL eo > ТРОН 
| VOH 
Out-of-Phase М ж 
Output хее. UE UND В 


VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 


NOTES: A. Cj includes probe and jig capacitance. 


O Open 
GND 


'PLH/tPHL 


'PLZ/tPZL 
tPHZ/tPZH 





------ 3V 
Timing Input Z 1.5 V N 
| оу 


Data Input 


Output 
Control 
(low-level 
enabling) 


Output 
Waveform 1 
$1 а! 2хУсс 
(see Note В) 


Output 
Waveform 2 
81 at GND 
(see Note B) 


А» tn 
tsu ———»| | ща 
| == РИНЕ 
1.5 V 15 V 
0v 
VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 
3v 
1.5 V 1.5 V 
|----4------ 0v 
tPzL —1 М | | 
щета 4 
| "s Ved | ~ Voc 
[ae f 20% V 
| [umm SS voL 
| 1 İPHz— [4 
2н 0] | | 
| PRE т МӨН 
9, 
50% Voc 80% МСС 
n = 0 V 
VOLTAGE WAVEFORMS 


ENABLE AND DISABLE TIMES 


Wavetorm 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 


For testing pulse duration: tr = 1 to 3 ns, tf = 1 to З ns. Pulse polarity may be either high-to-low-to-high or a low-to-high-to-low. 


B. 
C. All input pulses are supplied by generators having the following characteristics: PRR < 10 MHz, Zo = 50 О, tr = 3 ns, { = 3 ns. 
D. 


The outputs are measured one at a time with one input transition per measurement. 


Figure 11. Load Circuit and Voltage Waveforms (For АП Pins Except ID-Bus Pins) 
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PARAMETER MEASUREMENT INFORMATION 





о Увс 
$1 РЕНА 
1kQ о PLH'!PHL 
From Output Open 
tPLZ/tPZL 
Under Test GND tpuz/tPzH 
CL = 50 pF 
(see Note A) {| 
LOAD CIRCUIT 3V 
Timing Input £ 15V \ 
cn iw — | i ov 
| | Зу tsu у bi | З 215 зу 
Input 1.5V 15V Data Input 15V 15V 
OV 0v 
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS 
PULSE DURATION SETUP AND HOLD TIMES 
из залата 3V Output зу 
Input 15V 15V I е 15V 15V 
l | от enabling) aoe re ee RE oy 
tPZL “- 
tPLH -.- 4 Әні. a | | | 
| | | тра Мон Output | | PLZ — ма ~ Усс 
In-Phase Waveform 1 50° | x 
Output 50% Vec "Pe Se $1 at2x Усс | ea 10% Усс 
| | VoL (see Note B) | улу ОЕ 
> i | Г ФН [– 
tPHL ——3À | РН  (*— 
| | Уон Output | | — — — — Мон 
oe sou \ 50% Усс Ж 50% Усс ошо Ж 50% Усс Х 90% Voc 
--- VoL (see Note B) = 0 V 
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES ENABLE AND DISABLE TIMES 


NOTES: A. Сү includes probe and jig capacitance. 


B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 


For testing pulse duration: tr = 1 to 3 ns, {ү = 1 to 3 ns. Pulse polarity may be either high-to-low-to-high or a low-to-high-to-low. 


C. All input pulses are supplied by generators having the following characteristics: PRR < 10 MHz, Zo = 50 О, tr = 3 ns, { = 3 ns. 
D 


. The outputs are measured one at a time with one input transition per measurement. 


Figure 12. Load Circuit and Voltage Waveforms (ID-Bus Pins) 
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DGG(R-PDSO-Q'*) ан ан а ва а RATS ERE да ели 9-5 
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DW (Р-РОЗО-а“)................... RON aie AERE RU Rhee WAR ae ЛС ГТ 9-7 
FK(S-COOG-N™) онн наа CE aA Cr ae ER E ween Seas ees 9-8 
FN AS-POGOO-UT) J... u. u кдны ыу ep Ne pH A ва E VERONA ATA CU URN ER EEG 9-9 

GA-GB (S-CPGA:PTTX 11). tad ul oe SAO n IRURE DOOR Ra RSS o CEN o e os а ка 9-10 
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HV (S-GDFP-F68) гитжек» кка Аха E RR SAM PEE ари RE EE 9-12 

МАНЕ СТ ЈЕО ва МИА uuo tape ate ee beeen RR E ТТТ Се” 9-13 
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PM(S-PQFP-G64) 3.225 EE ERE Red Rh u bs а ФЕ dep Ын E HAUS PE 9-15 

PW '(R-|-PDS0Q:G%) оса ола отын cd Pac a e RR Aaa ies ewe P ER E 9-16 


\ҮрР:(В-ОРЕР-Е”) арта ана ына ver E A REEL oe esti EQUES AT es RE UNE 9-17 


ORDERING INSTRUCTIONS 


ре са a НИ ШИ „ АД er __ 7: Пинда Обь зы саксы 2 ЗЕЯ Ыр ЗЫ ЕЕ ас] 
Electrical characteristics presented in this data book, unless otherwise noted, apply for the circuit type(s) listed in the 
page heading regardless of package. The availability of a circuit function in a particular package is denoted by an 
alphabetical reference above the pin-connection diagram(s). These alphabetical references refer to mechanical 
outline drawings shown in this section. 


Factory orders for circuits described in this data book should include a four-part type number as explained in the 
following example. 
EXAMPLE: SN  74BCT8240A DW R 


———— ——— "—— s 




















Prefix 
SN = Standard prefix 
SNJ = MIL-PRF-38535 (QML) qualified 





Unique Circuit Description 
MUST CONTAIN NINE TO THIRTEEN CHARACTERS 


Examples: 74ACT8990 
74LVTH18504A 
74ABTH182502A 


Package 
MUST CONTAIN ONE TO THREE LETTERS 


DW = plastic small-outline package 

DL = plastic shrink small-outline package 
DGG, PW = plastic thin shrink small-outline package 
FK = leadless ceramic chip carrier 

FN = plastic J-leaded chip carrier 
GA-GB - ceramic pin grid array 

HKC = ceramic dual flat package 

HV = ceramic quad flat package 

JT = ceramic dual-in-line package 

NT = plastic dual-in-line package 

PM = plastic thin quad flat package 

WD = ceramic dual flat package 


(from pin-connection diagram on individual data sheet) 


Tape and Reel Packaging 
Valid for surface-mount packages only. All orders for tape and reel must be for whole reels. 
MUST CONTAIN ONE OR TWO LETTERS 


LE = Left embossed tape and reel (required for PW packages) 
R = Standard tape and reel (required for DGG; optional for DL and DW packages) 
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MECHANICAL DATA 





DGG (R-PDSO-G**) PLASTIC SMALL-OUTLINE PACKAGE 


48 PIN SHOWN 
ЕЗ 14,10 | 17,10 


0,15 NOM 


Gage Plane Y 


MEER eee ЕН, 
i OUUU у. Seating piane 


1,20 MAX 0,05 MIN 


4040078/C 10/95 





NOTES: A. Alllinear dimensions are in millimeters. 
B. This drawing is subject to change without notice. 
C. Falls within JEDEC MO-153 
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MECHANICAL DATA 





DL (R-PDSO-G**) PLASTIC SMALL-OUTLINE PACKAGE 


48 PIN SHOWN 


0.380 | 0.630 | 0.730 
(9,65) | (16,00) | (18,54) 


0.025 (0,635) 
0.012 (0,305) A MIN 
0.008 (0,203) 0.005 (0,13) (9) 


0.006 (0,15) МОМ 


А МАХ 


0.299 (7,59) 
0.291 (7,39) 


0.420 (10,67) 
0.395 (10,03) | Gage Plane 
E 0.010 (0,25) 


0.040 (1,02) 
0.020 (0,51) 


А 
TUT + зашто ire 


0.110 (2,79) MAX 0.008 (0,20) MIN 1 | | 0.004 (0,10) 


4040048/ B 02/95 





NOTES: A. Alllinear dimensions are in inches (millimeters). 
B. This drawing is subject to change without notice. 
C. Body dimensions do not include mold flash or protrusion not to exceed 0.006 (0,15). 
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MECHANICAL DATA 





DW (R-PDSO-G**) PLASTIC SMALL-OUTLINE PACKAGE 


16 PIN SHOWN 
өші бө | 
[| 0.010 (0,25) (9) 0.410 | 0.510 | 0.610 | 0.710 
0.014 (0,35) А МАХ | (40,41) | (12,95) | (15,49) | (18,03) 
9 
КТЖ 0.400 | 0.500 | 0.600 | 0.700 
(10,16) | (12,70) | (15,24) | (17,78) 


0.419 (10,65) 
0.400 (10,15) 


0.299 (7,59) 0.010 (0,25) МОМ 
0.293 (7,45) 


Gage Plane 


E 0.010 (0,25) 


0.050 (1,27) 
0.016 (0,40) 


0.012 (0,30 + 
0.104 (2,65) MAX 9:012 (0,90) | — | 0.004 (0,10) 


0.004 (0,10) 





4040000/B 03/95 





‘NOTES: А. Alllinear dimensions are in inches (millimeters). 

This drawing is subject to change without notice. 

Body dimensions do not include mold flash or protrusion not to exceed 0.006 (0,15). 
Falls within JEDEC MS-013 


вов 
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MECHANICAL DATA 





ЕК (S-CQCC-N**) LEADLESS CERAMIC CHIP CARRIER 
28 TERMINAL SHOWN 


NO. OF 
me ми | 


E 342 ҚОЙ 358 d 307 | 0. ET 
(8,69) | (9,09) | (7,80) | (9,09) 
0.442 | 0.458 | 0.406 | 0.458 
(11,23) | (11,63) | (10,31) | (11,63) 
0.640 | 0.660 | 0.495 | 0.560 
(16,26) | (16,76) | (12,58) | (14,22) 
0.739 | 0.761 | 0.495 | 0.560 
(18,78) | (19,32) | (12,58) | (14,22) 
0.938 | 0962 | 0.850 | 0.858 
(23,83) | (24,43) | (21,6) | (21,8) 
1.141 1.047 | 1.063 
(28,99) (26,6) | (27,0) 


0.020 (0,51) 0.080 (2,03) 
0.010 (0,25) 0.064 (1,63) 


“Ж 0.020 (0,51) 


0.010 (0,25) 


18 17 16 15 14 13 12 


26 27 28 1 2 3 4 


0.055 (1,40) 


0.045 (1,14) 0.045 (1,14) 


0.035 (0,89) 


0.028 (0,71) 1 le TE ый 0.045 (1,14) 


0.022 (0,54) 0.035 (0,89) 


0.050 (1,27) 


4040140/D 10/96 





NOTES: A. All linear dimensions are in inches (millimeters). 

. This drawing is subject to change without notice. 

. This package can be hermetically sealed with a metal lid. 
. The terminals are gold plated. 


. Falls within JEDEC MS-004 


moou» 
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MECHANICAL DATA 





FN (S-PQCC-J**) PLASTIC J-LEADED CHIP CARRIER 
20 PIN SHOWN 


Seating Plane 
| | 0.004 (0,10) 


0.180 (4,57) MAX 
0.120 (3,05) 
0.080 (2,29) 

0.020 (0,51) MIN 


0.032 (0,81) 
0.026 (0,66) 


E 


x .021 (0,53) 


0.013 (0,33) 


D 
0 


0.385 (9,78) | 0.395 (10,03) | 0.350 (8,89) | 0.356 (9,04) | 0.141 (3,58) | 0.169 (4,29) 


as [oats 292) | оазе аят | ово | nse rae [оли а | 0219660 | 
Га” [ores нова | сл enio | 07201908 | 979 0920 | osten азат | 
os [ose sem | 0908 #527 | 050 eae | 058 pao) ода (изо | casn (187) 
C u [ires eono | vss баз | лове | возат | ова 0579 | 0501448 


4040005/B 03/95 





NOTES: A. Alllinear dimensions are in inches (millimeters). 
B. This drawing is subject to change without notice. 
C. Falls within JEDEC MS-018 
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MECHANICAL DATA 





GA-GB (S-CPGA-P11 X 11) | CERAMIC PIN GRID ARRAY PACKAGE 


к= A or A1 SQ 7 1.000 (25,40) ТҮР 


L 
K 
J 
H 
G 
Е 
Е 
о 
с 
в 
А 


wo Tow Тен 
MERE NEN | | 


0.016 (0,41) MAXIMUM PINS WITHIN MATRIX - 121 


4040114-4/C 10/96 





NOTES: A. Alllinear dimensions are in inches (millimeters). 

. This drawing is subject to change without notice. 

. Index mark may appear on top or bottom depending on package vendor. 

. Pins are located within 0.005 (0,13) radius of true position relative to each other at maximum material condition and within 
0.015 (0,38) radius relative to the center of the ceramic. 

. This package can be hermetically sealed with metal lids or with ceramic lids using glass frit. 

. Thepins can be gold plated or solder dipped. 

. Falls within MIL-STD-1835 CMGA3-PN and CMGA15-PN апа ЈЕРЕС MO-067AC and MO-066AC, respectively 


ooo» 


Onm 
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MECHANICAL DATA 





HKC (R-CDFP-F64) 


1.620 (41,14) 
1.580 (40,13) 


1.020 (25,91) 
0.980 (24,89) 


0.765 (19,43) 
0.730 (18,54) 


0.445 (11,30) 


0.420 (10,67) 


0.185 (4,70) | 0.0098 (0,250) 
0.145 (3,68) 0.0060 (0,150) 


NOTES: 


moomo» 


All linear dimensions are in inches (millimeters). 

This drawing is subject to change without notice. 

This package can be hermetically sealed with a metal lid. 
The terminals are gold plated. 

All leads not shown for clarity purposes. 


CERAMIC DUAL FLATPACK WITH TIE BAR 


0.026 (0,66) MIN 


0.150 (3,81) 
0.100 (2,54) 


0.070 (1,78) 
0.055 (1,40) 


0.320 (8,13) 
0.295 (7,49) 


0.0079 (0,200) 
0.0043 (0,110) 
0.040 (1,02) 
0.030 (0,76) 





= 


4073160/B 03/95 
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MECHANICAL DATA 





HV (S-GDFP-F68) | CERAMIC QUAD FLATPACK 


1.500 (38,10) 


1.300 (33,02) 59 


а 
& 


0.025 (0,635) 


-h 


0.013 (0,330) 
0.008 (0,203) 


60 


k - 


о 


0.400 (10,16) es! 


0.500 (12,70) 


0.485 (12,32) sa 


0.007 (0,178) | 


0.154 (3,912) 0.005 (0,127) 


0.134 (3,404) 
4040072/C 10/96 





NOTES: A. Alllinear dimensions are in inches (millimeters). 
B. This drawing is subject to change without notice. 
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MECHANICAL DATA 





JT (R-GDIP-T**) CERAMIC DUAL-IN-LINE PACKAGE 


24 PIN SHOWN 
1.280 1.460 
ANAR (32,51) | (37,08) 
1.240 1.440 
AMIN (31,50) | (36,58) 
0.300 0.291 
SNAM (7,62) (7,39) 
1 | | 
0.245 0.285 
0.065 (1,65) 
| 0.045 (1,14) озш | (6.22) 


0.320 (8,13) 
0.015 (0,38) MIN 0.290 (7,37) 


0.200 (5,08) MAX 
Seating Piane 


0.023 (0,58) 
0.015 (0,38) 0.010 (0,25) NOM 


ғ |} _ 0.130 (3,30) MIN | 946° = 


4040110/B 04/95 





NOTES: A. All linear dimensions are in inches (millimeters). 

B. This drawing is subject to change without notice. 

C. This package can be hermetically sealed with a ceramic lid using glass frit. 

D. Index point is provided on cap for terminal identification only on press ceramic glass frit seal only. 
E 


. Falls within MIL-STD-1835 GDIP-T24 and GDIP-T28 and JEDEC MO-058AA and MO-058AB 
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MECHANICAL DATA 





NT (R-PDIP-T**) PLASTIC DUAL-IN-LINE PACKAGE 


24 PIN SHOWN 
1.260 | 1.425 
AMAX | (32,04) | (36,20) 
1.230 | 1.385 
0.280 (7,11) AMIN (3124) | (85,18) 
0.250 (6,35) 
0.310 | 0.315 
1 0.290 | 0.295 
0.070 (1,78) MAX (7,37) | (7,49) 


0.020 (0,51) MIN 
0.200 (5,08) MAX 
i Seating Plane 


0.125 (3,18) MIN 


| 


2000-15 
021 Ose 0.010 (0,25) (M) 
,015 (0, 0.010 (0,25) NOM 





4040050/B 04/95 





NOTES: A. А linear dimensions are in inches (millimeters). 
B. This drawing Is subject to change without notice. 
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MECHANICAL DATA 





PM (S-PQFP-G64) PLASTIC QUAD FLATPACK 


0,13 NOM 


i 7,50 TYP = у || Gage Plane 


10,20 
9,80 
12,20 
11,80 


за 


Seating Plane 


1,60 MAX 
4040152/B 03/95 





NOTES: A. Alllinear dimensions are in millimeters. 
B. This drawing is subject to change without notice. 
C. Falls within JEDEC MO-136 
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MECHANICAL DATA 





PW (R-PDSO-G**) PLASTIC SMALL-OUTLINE PACKAGE 
14 PIN SHOWN 


0,15 NOM 


Gage Plane Y 


1,20 MAX 0,10 MIN 


4040064/D 10/95 





NOTES: A. Alllinear dimensions are in millimeters. 

. This drawing is subject to change without notice. 

Body dimensions do not include mold flash or protrusion not to exceed 0,15. 
. Falls within JEDEC MO-153 
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MECHANICAL DATA 





WD (R-GDFP-F**) CERAMIC DUAL FLATPACK 


48 PIN SHOWN 
0.630 0.730 
(16,00) (18,54) 
0.120 (3,05) 0.610 0.710 
0.075 (1,91) (15,49) (18,03) 


0.005 (0,13) NOM 


at — 


1.200 (30,50) 
0.950 (24,13) 


0.390 (9,91) 
| 0.370 (9,40) 


0.025 (0,635) 


| 


= 


р 0.010 (0,25) ТҮР 
* 


4040176/С 10/96 





NOTES: A. Alllinear dimensions are in inches (millimeters). 

B. This drawing is subject to change without notice. 

C. This package canbe hermetically sealed with a ceramic lid using glass frit. 
D. Index point is provided on cap for pin identification only. 

E. Falls within MIL-STD-1835: GDFP1-F48 and JEDEC MO-146AA 


GDFP1-F56 and JEDEC MO-146AB 
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IMPORTANT NOTICE 


Texas Instruments (TI) reserves the right to make changes to its products or to discontinue any 
semiconductor product or service without notice, and advises its customers to obtain the latest 
version of relevant information to verify, before placing orders, that the information being relied on 
is current. . 


TI warrants performance of its semiconductor products and related software to the specifications 
applicable at the time of sale in accordance with Т!'5 standard warranty. Testing and other quality 
contro! techniques are utilized to the extent ТІ deems necessary to support this warranty. Specific 
testing of all parameters of each device is not necessarily performed, except those mandated by 
government requirements. 


Certain applications using semiconductor products may involve potential risks of death, personal 
injury, or severe property or environmental damage ("Critical Applications"). 


TI SEMICONDUCTOR PRODUCTS ARE NOT DESIGNED, INTENDED, AUTHORIZED, OR 
WARRANTED TO BE SUITABLE FOR USE IN LIFE-SUPPORT APPLICATIONS, DEVICES OR 
SYSTEMS OR OTHER CRITICAL APPLICATIONS. 


inclusion of TI products in such applications is understood to be fully at the risk of the customer. Use 
of TI products in such applications requires the written approval of an appropriate TI officer. 
Questions concerning potential risk applications should be directed to TI through a local SC 
sales office. 


In order to minimize risks associated with the customer's applications, adequate design and 
operating safeguards should be provided by the customer to minimize inherent or 
procedural hazards. 


Tl assumes no liability for applications assistance, customer product design, software performance, 
or infringement of patents or services described herein. Nor does TI warrant or represent that any 
license, either express or implied, is granted under any patent right, copyright, mask work right, or 
other intellectual property right of ТІ covering or relating to any combination, machine, or process 
in which such semiconductor products or services might be or are used. 


Copyright € 1996, Texas Instruments Incorporated 
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Introduction 


The JTAG/IEEE 1149.1 test standard is becoming widely accepted as a way to overcome the problems created by 
surface-mount packages, double-sided boards, and multichip modules (see Figure 1), all of which result in a loss of physical 
access to signals on the board. By providing a means to test printed-circuit boards and modules that might otherwise be 
untestable, the time and cost required to develop a product and bring it to market can be reduced significantly. е Appendix A 
for a brief overview of the 1149.1 standard.) 





Yesterday Today Tomorrow? 


Figure 1. Physical-Access Problem in PCB Designs 


The conversion to boundary scan has been readily accepted by many who realize that traditional test methods are not effective 
in dealing with the issues of decreasing physical access. Their products are such that faults not detected in the factory can be 
costly to isolate and repair if they surface after they are in the field. These customers see boundary scan as the only solution 
and have realized cost as well as time-to-market savings, in addition to providing a more reliable product to their customers. 


There are others who view boundary scan more skeptically and are uncertain of the ultimate benefits. To help illustrate the 
potential savings of boundary scan, Table 1 provides a comparative test cost model for an application from the professional 
product division of Philips Electronics, which involved including boundary scan in their ASICs. Though it doesn't specifically 
address boundary-scan logic, the benefits to test program generation, testers, fixture costs, etc. apply. 


The reader may use this table as a guide to determine the comparative cost savings for his application. In place of the 
implementation costs for ASICs, you can substitute additional material costs associated with boundary-scan bus interface 
devices over their nonscan counterparts. In addition to costs savings, there are the benefits of decreased time to market, 
improved product quality, reduced customer downtime, etc. 
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Table 1. Comparative Test-Cost Model 


ПД воомрани воан NON BOUNDARY SCAN 


Implementation cost 

(BSR) 200k boards/year, 600k 
12 ASICs per PCB, 5 

1% of $25 ASIC 


Test program generation 
50 hou е» $75k 300 hours/type = $450k 
30 PCB types/year @ $50/hour 


Diagnostics 


70% yield of 200k PCBs = 60k PCBs 
to be repaired @ $25/hour 


Number of testers я T ЕЗЕТ: 
у у . plus diagnostic time and retest plus diagriostic time and retest 
200k PCBs/year, test time 3 min./PCB = 10k hrs; = 15k hours = 3 testers = 23k hours = 5 testers 


3 shifts/tester yields 5k hrs/year/tester 

Tester costs ’ $75К $500k 

Investment = cost of ownership 33%/year ` 
30 fixtures 

Labor cost 15k hours 23k hours 

| Yearly tota 8K 828K 


(from: Boundary-Scan Test, A Practical Approach by Harry Bleeker, Peter van den Eijnden, and Frans de Jong, 1993) 
























10 min. per repair = 10k hours = 


2 min. per repair = 2k hours = $50k $250k 










Implementing boundary scan into a design requires a different mindset due to the different hardware, software, and test 
equipmentneeds versus traditional test methods, Designers are often uncertain as to exactly how they should begin, what issues 
must be considered, and what pitfalls await. The purpose of this report is to touch on some of the issues designers should 
consider when designing with off-the-shelf boundary-scan logic components. 


Is JTAG Right for You? 


As noted in the introduction, one of the first decisions you will face is whether using boundary scan is of benefit to you. The 
designer is faced with many issues that must be addressed when implementing boundary scan into a design, versus a design 
with standard components. A key concern is the fact that boundary-scan devices generally are priced slightly higher than their 
non-JTAG counterparts. However, as shown in Table 1, there are many situations where the additional material cost of 
implementing boundary scan is offset by a reduction in life-cycle costs. 


Figure 2 provides two views of product life-cycle costs. The lower curve represents actual dollars spent. The upper curve 
illustrates that development decisions commit funds that other process steps must spend. By the time engineering “releases” 
a product to manufacturing, 85% of the project’s total costs are committed. These costs are driven by decisions made during 
the design phase and can only be reduced if they are considered early in the design phase. 


Both of the above examples illustrate that the goal of boundary scan is to reduce the product's life-cycle cost, even though board 
or system material costs may increase. The life-cycle cost reduction is achieved by enabling faults to be easily identified and 
isolated, reducing test development and execution time. Further cost reduction is achieved by reducing or eliminating the need 
for expensive test fixtures and equipment. 
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(from "Controlling Life-Cycle Costs Through Concurrent Engineering”, Addendum to the ATE and 
Instrumentation Proceedings, Miller Freeman Expositions, 1992) 


Figure 2. Life-Cycle Costs of Typical Product 


The use of boundary scan can also have a positive impact on time to market, resulting in a maximization of profit potential. 
These benefits are discussed in greater detail throughout this document. 


To make an accurate assessment of the benefits of boundary scan, representatives of all of the disciplines involved in the 
product’s development must discuss their respective problem areas. Only then can a solution be reached that truly addresses 
the total product life-cycle cost. Several factors can be analyzed to determine the impact of boundary scan on your application: 


Boundary Scan Can Reduce PCB Debug Time 


By providing access to device I/O without probes, boundary scan allows you to quickly identify and isolate defects to the device 
and, often, the pin level. Boards that previously may have taken weeks to debug can now be tested in a matter of days or even 
hours. Additionally, faults that may not have been detected during board test can now be found, preventing faults from 
surfacing during final test when the costs of finding and repairing the failure are magnified. 


Boundary-Scan Components Help Reduce Test Program Development Time 


Because tests can be performed independent of device functionality, costly in-circuit test models do not have to be developed. 
Instead, the user can obtain boundary-scan description language files (BSDL) from the silicon vendor. These files describe how 
boundary scan has been implemented within the part so tools can understand how to communicate with it. Another key feature 
of boundary scan is that tests performed at the device level can be rerun at the PCB and system level, reducing or eliminating 
the need to develop new tests or generate new test vectors. (See Appendix B for examples of how other customers have 
benefited from the use of boundary scan.) . 


Boundary Scan Can Reduce the Need for Costly Fixtures 

Boundary-scan testing of a PCB only requires the user to access the 4-wire JTAG bus. Thus, a PCB or system can be tested 
in its normal configuration without the need to develop fixtures for each PCB or subsystem. 

Boundary Scan Can Reduce or Eliminate the Need for Test Points 

By providing “virtual nails” to each boundary-scannable I/O, the designer no longer needs test points for standard in-circuit 
testers. Removing these test points reduces board manufacturing cost by reducing the number of board layers required. 
Boundary Scan Can Reduce the Number of Pins Needed for In-Circuit Testers 


Even if all parts on a PCB do not have boundary scan, all of the benefits discussed here still apply. You may still need to use 
in-circuit testers to access nonscan nodes. However, by reducing the number of test points needed, you also reduce the number 
of pins required for the in-circuit tester, which determines the type and cost of the tester needed. The cost of automatic test 
equipment of this type has risen to as much as $1.5M in the past several years. Reducing the complexity of the tester may mean 
being able to utilize a tester that is priced significantly less. 
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Boundary Scan Can Help to Perform Functional Testing 


While boundary scan was invented to test for manufacturing defects, users are finding it valuable in doing a variety of 
functional tests. ASICs and microprocessors can make use of boundary scan to access internal registers and enable testing of 
the device itself. Clusters of nonscannable logic may be tested by using a boundary-scan device at the cluster input to drive 
a predetermined pattern. Additional boundary-scan devices at the output can capture the cluster output data and compare it to 
expected results. In the same manner, other devices such as memories can also be tested. 


These are just some of the areas where boundary scan can be of use to you. In some cases you may want to consult with your 
test or manufacturing engineer to understand the problems they face since, in many cases, designers are unaware of the 
difficulties their designs pose to others later in the product life cycle. 


The degree to which the use of JTAG components impacts your life-cycle development costs will depend on the specifics of 
your design. While itis not necessary to have a 100% boundary-scan board, the more controllability and observability you can 
gain by adding boundary-scan devices in key areas, the more benefits you will realize. 


Boundary-Scan Training 


Whether you are a hardware design engineer, ASIC designer, test engineer, or program manager, there are several options 
available for learning more about design for test (DFT) and specifically boundary scan. Texas Instruments (TI) has developed 
several testability training tools to aid you in finding out more about how boundary scan works and how it can benefit you. 
Some of these are listed below. For more information on available literature and training, please contact your local TI sales 
representative or authorized distributor. 


TI Boundary-Scan Training 


Scan Educator (SATB002A) 


An educational software program, Scan Educator introduces the fundamentals of the IEEE 1149.1 boundary-scan standard, 
including architecture, protocol, and required instruction sets. 


Self-paced and menu-driven, it contains both information and animated boundary-scan test simulations. Hands-on, practice 
exercises guide you through boundary-scan test of our SCOPE?" octals at the TAP and at the register level. You are also shown 
how to use IEEE 1149.1 with single or multiple devices for in-circuit observability and controllability and for 
interconnect testing. 


Testability Primer (SSYA002C) 


This pocket-sized book provides an introduction and indispensable reference to JTAG/IEEE 1149.1 testability. It includes 
discussion of cost benefits/trade-offs associated with design for test, a technical overview of IEEE Std 1149.1 and supporting 
data formats (BSDL, HSDL, SVF), and a set of application briefs. Summary information on TI silicon testability solutions and 
support and learning products is also included. 


Testability Videotape 


This two-part videotape provides a background of the growing need for testability and its economic impact. It also describes 
the work of JTAG and the provisions of the IEEE 1149.1 standard. Part two of the videotape examines the standard in detail. 
It explains the function of each component of the standard and shows how they work together to provide an accurate, 
dependable test procedure. 


Testability CD-ROM 


TI has assembled the key components of testability on a searchable CD-ROM that includes the IEEE Std 1149.1-1990 and IEEE 
Std 1149.1a-1993 merged into a single updated document, the TI Test Bus Evaluation Report, application notes on IEEE 
1149.1, and device data sheets. | 


In addition to educational opportunities from TI, other vendors supplying boundary-scan products are usually able to 
provide training. 


For more personal training, TI is also able to hold on-site meetings and seminars tailored to address the needs of your 
application. Please contact your local TI sales representative or authorized distributor. 
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Determining Where to Place Boundary-Scan Devices 


Once you have become familiar with boundary scan, you will want to integrate it in your design. TI has a broad spectrum of 
boundary-scan devices available today: 


ASICs 

Fixed and floating-point digital signal processors 
Bus-interface ICs 

Scan-Support ICs 


To identify which devices are needed and where they should be placed, there are several questions you should ask: 


What Signals Do You Need to Control and Observe? 

The boundary-scan standard allows you to take control of an I/O to either sample data at the pin or stimulate the pin with known 
data. By replacing standard components with JTAG-compliant devices, you can gain access to individual pins for a variety of 
tests. 


Would You Like to Use Boundary Scan to Test Nonscan Logic Clusters? 
By having the ability to control and observe device I/O, you can use scannable devices to test devices without JTAG capability. 


One JTAG device can be loaded with a predetermined pattern that can be driven onto the cluster inputs while additional JTAG 
devices can capture the output information to be compared against the expected result. 


Do You Need Embedded Test Capability? 

In support of applications requiring a JTAG controller to be “embedded” within the design, TI has developed devices that can 
translate parallel commands from a processor into the required JTAG protocol to drive the JTAG bus. For embedded 
applications, TI has developed a software driver for this bus controller that can be compiled with user code to execute pass/fail 
tests stored in memory. 


Will You Be Implementing Built-in-Self-Test Capability in Your Design? 


If you would like to have your board/system execute some form of self test, TI has devices that can help. Within each TI bus 
interface device lies the ability to execute instructions that command the device to automatically generate output patterns. This 
capability can reduce or eliminate the need to develop test patterns, as well as significantly reduce the time involved to execute 
some tests. 


What Performance Requirements (Speed, Power, Drive) Are Needed? 


The constraints of your design will determine the technology you require in a bus-interface device. TI's JTAG family contains 
over 20 devices and crosses a variety of technologies, giving you the ability to pick the device that best suits your needs. Table 2 
below provides an example of the performance differences between TI’s BCT and ABT technologies versus 
competing technology. 


Table 2. Performance Comparison, JTAG Transceiver Functions 


SPECIFICATION BCT (TI) ABT 18-BIT (TI) FACTQ (NSC) 


tp A/B to B/A 10 ns 5.4 п5 8.8 ns 
20 MHz 50 MHz 25 MHz 
8 18 18 


Maximum TCK rate 
Based on comparison of TI BCT8245 and ABT18245 vs. NSC SCAN18245. 





Number of bits 


Will You Require Devices That Operate From 3-V Power? 


With more systems moving toward 3-V power, TI has developed 3-V versions of our more popular JTAG Widebus™ devices. 
These devices are designated as LVTH18xxx. Universal bus transceiver (UBT™) functions are also available now. 
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Will You Need to Drive JTAG Signals Across a Backplane? 


As boundary scan gains acceptance at the board level, the need to perform system-level tests with boundary scan is creating 
an interesting problem for test engineers. While several approaches have been proposed to date, none addresses the problem 
better than TI's ABT8996 addressable scan port. This device provides a simple approach to solving a very complex problem 
without the overhead associated with competing solutions. 


What Function Type, Bit Width, or Packaging Limitations Do You Have? 


There are many more boundary-scan functions available on the market today than there were even one year ago. Designers 
are able to select a device based on the functionality, performance, and board area limitations of their design. Boundary-scan 
buffers, drivers, transceivers, latches, and flip-flops are available in a variety of technologies. TI is the leading supplier of JTAG 
logic, with over 30 device types available now. 


What Type of Test Equipment Do You Expect to Use? 


To make the conversion to a test philosophy based on boundary scan, you should define your design, manufacturing, test, and 
field support flow before beginning hardware design. The details of this test plan will determine the types of tests to be 
performed, the devices to be used and their placement, and, therefore, the equipment that will be required. There are several 
vendors supplying CAE and ATE tools to the market today in support of boundary scan. 


Will You Need to Use Bare Die for Use in Multichip Modules? 


Multichip modules epitomize the problem of no physical access. Boundary scan can be very beneficial by providing you access 
to internal signals of the MCM. TI supports this effort by supplying bare die for all of its standard components. Additionally, 
special devices such as the ACT8994 digital bus monitor can give you logic-analyzer capability within the MCM via the JTAG 
bus. 


What Type of Field-Service Requirements ИЛИ You Need? 


With boundary scan, you now have the ability to access your circuitry via the 4-wire JTAG port without having to totally 
disassemble the unit. This provides many options to support field maintenance. Will you want the system to execute system 
self-test and simply notify the end user as to the source of the fault? Or will the system execute self test and then remotely dial 
back to the factory with the fault? Will a technician go out to the customer site and connect to the JTAG port with boundary-scan 
diagnostics on a PC to identify the fault? Each of these options and others are available to you because of boundary scan. The 
option you choose will depend on the ramifications of system downtime to you and your customer and should assist you in 
determining your use of boundary-scan devices. 


The answers to these questions will determine which products you will need, where they should be placed, and what tools and 
equipment you will require. Additionally, as you begin to understand the types of boundary-scan components that are needed, 
you will make decisions as to which vendor is best able to support your testability needs. The TI SCOPE family of testability 
products is the most comprehensive in the industry and is backed by many years of working with customers and other vendors 
to solve complex testability problems. 


Available Literature on Tl's JTAG Boundary-Scan Logic Products 


The items below contain information on TT's bus-interface and scan-support products that are compatible with the JTAG 
standard. To obtain a copy of any of these items, please contact your local TI sales representative or authorized distributor. 


Boundary-Scan Logic IEEE Std 1149.1 (ТТАС) Data Book 1996 (SCTD002A) 
Testability Primer (SS YA002C) 

Testability CD-ROM 

World Wide Web — URL = http://www.ti.com/sc/docs/jtag/jtaghome.htm 
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Appendix A - Basics of Boundary Scan 


Boundary scan involves placing test points (boundary-scan cells) within each digital I/O of a device. The boundary-scan cell 
enables the I/O to observe normal data flow through the pin, or the cell can be used to control the state of a pin by providing 
source data via the serial input (SI). Figure 3 provides a view of the typical boundary-scan cell. 


NO 





Figure 3. Boundary-Scan Cell 
Each boundary-scannable device will contain a minimum of four additional pins: 


TDI - test data input 
TDO - test data output 
TMS - test mode select 
TCK - test clock 


The TDI and TDO pins serve as the path by which serial data enters and exits the device. The TMS and TCK pins control the 
state of the device, placing it in either test mode or normal mode. In some cases, an optional fifth pin, test reset (TRST) may 
be included to reset the test logic and return the device to normal mode. Figure 4 shows these four pins as implemented in one 
of TI's SCOPE octals. | 





Figure 4. Pinout of Tis SN74BCT8244 


The TMS and TCK signals serve as inputs to control the transition of the device between normal and test modes. These inputs 
drive a state machine known as the test access port (TAP). The TAP controls serial scanning of instruction or data information 
through the device and is common to all JTAG/IEEE-1149.1-compliant devices. The TAP state is sequenced based on the state 
of TMS on the rising edge of TCK, as shown in Figure 5. 
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Test-Logic-Reset 






TMS =H 










Select-IR-Scan 


Е Саршге А 


Pause-IR 


Update-IR 


TMS =L 


Select-DR-Scan 


Capture-DR : 


Pause-DR 


Update-DR 


Run-Test/Idle 










TMS = L 










16-State TAP provides four major operations: RESET, RUN-TEST, SCAN-DR, and SCAN-IR. 
Scans consist of three primary steps: CAPTURE, SHIFT, and UPDATE. 


Figure 5. TAP-Controller State Diagram 


Boundary-scan devices communicate via the serial path from TDO to TDI. This connection is shown in Figure 6. To test the 
interconnect between two JTAG devices, the user could (for example) serially shift all ones into device 1 and execute an 
instruction that would drive the data onto the parallel outputs. Device 2 could then be commanded to capture the incoming data 
at its parallel inputs, transferring the information to the corresponding boundary-scan cells for each input and then serially shift 
the data to an off-board tester to be compared to the expected results. Any discrepancies in the data can be traced back to the 
pins where the data mismatch occurs. 
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Figure 6. Scan Path Connecting Two Boundary-Scan Devices 


For more detailed information on boundary scan, please use the boundary-scan training materials cited in this report. 
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Appendix B — Boundary-Scan Success Stories 


° “We've (AT&T) reduced the number of test points on some boards from 40 down to four and shortened test - debug 
time on some products from six weeks to two days." 


е Hewlett Packard printers reduced the time from the drawing board to production from four and one-half years to 
two years.2 


e Test program development time on Intel '386 vs. Intel '486 with JTAG:3 


Intel '386 Intel '486 
10 hours (2 hours if vendor supplied BSDL) 


е Controller design company using two programmable logic devices with boundary scan were able to use low-cost 
tester with ATPG ($25K) instead of standard ATE system ($750K) that would have been used without 
boundary ѕсап.4 | 


1 Computer Design, January 1994, “Testing Dilemmas and Corporate Alliances Fuel Boundary Scan’s Acceptance” 
2 Test and Measurement World, October 1992, “Concurrent Engineering is Common Sense” 

3 Computer Design, November 1992, “Design and Test Engineers Alter Rules to Facilitate Test” 

4 EDN, December 3. 1992. “No ‘Accounting’ for Boundary Scan Test” 
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From a Designer’s Perspeciive 


Adam W. Ley 
Member, Group Technical Staff 
Semiconductor Group 
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Abstract 


Much attention has been focused in the past on the benefits of boundary scan to the manufacturing test process and the test 
engineer. While ultimately the decision to use boundary scan in a given project should be based on positive impact to product 
life-cycle cost, the benefits that accrue to the designer are often overlooked. This paper describes such benefits to designers at 
all levels of product design: chip, board, system. It also provides insight into special considerations for the designer who 
implements or uses boundary scan. 


Background 


Beginning in 1985, several European and North American companies banded together to form the Joint Test Action Group 
(ТТАС). Their stated task was to solve the problem of printed-circuit board (PCB) manufacturing test, which was growing more 
difficult as integrated circuits (ICs) became smaller and more complex (Figures 1 and 2).!,2 Their solution was eventually 
standardized as the IEEE Std 1149.1-1990 Test Access Port and Boundary-Scan Architecture. This standard provides for 
inclusion of required test resources into ICs themselves.3 


ла мы 





Yesterday Today Tomorrow? 


Figure 1. The Incredible Shrinking Board Results in Loss of Test Access 
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Yesterday Today 
Figure 2. Increasing Integration at Chip Level Complicates Controllability 


Manufacturing test of PCBs is essentially an effort to find defects (such as net-to-net shorts and solder opens) in the assembly 
of ICs and other components onto a board. This effort is obviously made more difficult by ICs that are both smaller and more 
complex. The ability of functional (*edge-connector") test to isolate PCB assembly defects to an adequate level is quickly 
thwarted by increased board functional density (Figure 3). Since only the primary input/output are used for the test, the 
difficulty of test generation and the requisite test length grow dramatically as the board complexity increases. 2,4 


In-circuit (“bed-of-nails”) test, which was an earlier attempt to improve fault isolation in complex boards, is likewise thwarted 
by increased IC functional density and, further, by physical constraints (Figure 3). Since in-circuit test is based on the physical 
probing of (preferably all) nets internal to a PCB, smaller pin-to-pin spacing requires improvements in probe technology that 
are becoming increasingly more difficult and costly. In many cases, such as multichip modules (MCMs), ball-grid arrays 
(BGAs) and buried signal traces, physical access to internal nodes is not possible at all. Increased functional complexity of 
ICs causes problems because, in order to place IC outputs in known states for continuity test, the function of the device must 
be ee by often long and complex pattern sequences at IC inputs. A similar argument holds for continuity test at 
IC іпршв.1,2, 
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Figure 3. Traditional Methods of Board Test 


А-24 





Figure 4. The Boundary-Scan Idea 


The boundary-scan idea builds on the concepts of in-circuit test. However, physical probes (“nails”), which are placed mid-net, 
are replaced by boundary-scan cells (BSCs). These “virtual” probes are placed on-chip at IC inputs and outputs (the boundary 
of the IC), and are therefore placed at the net ends (Figure 4). This results in two major improvements: (1) physical access is 
no longer required at boundary-scan nets, and (2) continuity test is no longer subject to IC complexity. The net effect is that 
the goal of manufacturing test, to isolate defects in assembly process to a pin or net, can be accomplished by highly automated 
test-pattern generation (ATPG).2 


Finally, in order to provide a means to arbitrarily control and observe these BSCs with minimal pin overhead, the BSCs are 
designed such that they can be serially concatenated to form a shift register between two IC pins, Test Data Input (TDI) and 
Test Data Output (TDO). The additional control structures required to select between normal and test operational modes have 
also been designed to minimize pin overhead and to maximize flexibility to handle test modes in addition to that used for PCB 
manufacturing test (Figure 5). This Test Access Port (TAP) is based on a state machine (TAP Controller) that operates 
synchronously to a Test Clock (TCK, to which all operations of the test logic are synchronous) and under the control of a single 
Test Mode Select (TMS). The TAP Controller explicitly provides for a single instruction register that controls the test modes 
and for any number of test data registers (including the boundary-scan register) that can be selected by specific instructions.2 


Standardization of the TAP and TAP Controller, as well as the boundary-scan architecture, has been key to the broad acceptance 
of the technology across IC, tester, and computer-automated engineering (CAE) tool vendors. Thereby, this structured 
design-for-test (DFT) technique may be used widely across all types of board designs by all sorts of board manufacturers, even 
those where catalog ICs and off-the-shelf testers and tools must be used. Additionally, the flexibility of the TAP and TAP 
Controller allows them to be used for access to other test features built into chip, board, or system, such as on-chip scan test 
or built-in self-test (BIST).2 


A-25 


NEM TT CE a 


ID Register PUNK 
| mme 


| Bypass Register| 


Decode Logie | Logic 


ae Reg | Instruction Register| 





Figure 5. The Boundary-Scan Control Architecture 


Use of the Standard by the Board Designer 


Since the standard has been designed primarily with board-level (test) concerns in mind, we can expect many benefits for board 
designers. Although many designers might deny it, they do perform at least one critical "test" operation: design 
verification/debug. And, just as board manufacturing test benefits from increased observability and controllability, so does 
board design “test” (that is, verification and debug). Boundary scan, along with other DFT Если applied at chip or board 
level, can greatly aid these design test functions. 
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Figure 6. Board-Level Boundary-Scan Path 
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As in the case of manufacturing test, these benefits are derived in two fashions. Where boundary-scan access is provided, 
observability and/or controllability of a net may be obtained without concern for the function of the driving and/or receiving 
ICs. Also, no physical access to the board under test is required (Figure 6). One result is that inexpensive test equipment can 
be used, since tester channels are needed only for the TAP and other primary I/O (“edge connector”) signals. Another, perhaps 
more important result, is that design test can proceed even in cases where physical access to board internal nodes is difficult 
or impossible (due to board physical characteristics or operating environment)). 


In the design CAE environment, the designer could have virtually any desired level of observability and controllability to 
board-internal and (in case of ASICs, FPGAs, or PLDs) chip-internal nodes. With the appropriate boundary-scan and 
chip-internal scan facilities, the designer can enjoy this same level of access to such nodes in the prototype. Further, a structural 
(“assembly”) test of the prototype can be generated that can be applied from this inexpensive test equipment and without need 
for expensive test fixturing. Such a test can be automatically generated, given the board netlist and descriptions (in the 
boundary-scan description language, BSDL) of the boundary-scannable devices. This simple test is available even when 
manufacturing test program, equipment, and fixtures are not (as is most often the case for prototypes, since they are difficult 
to provide for an unproved design). Such a test can save many frustrating hours (a testimonial indicates a reduction from 
6 weeks to only 2 days®) which would normally be required to separate assembly problems from design problems. This is 
especially important if new and unproved assembly processes have been developed for the Боага.5,7.8,9,15 


In some cases, the provision of boundary scan and DFT can permit some prototype testing to begin even in the absence of “key” 
components. For example, if a processor board were designed with proper planning, associated memory could be tested by 
emulating the processor, or vice versa. 10 


In addition, the actual design time and manufacturing cost of PCBs may be reduced by elimination of test points.7,1] If enough 
test points can be eliminated (one example cites a reduction from 40 down to 46), then possibly some PCB layers can be 
eliminated as well, which might greatly decrease PCB cost. In some cases, such elimination of test points may be critical to 
the very miniaturization goal that drives the choice of extremely dense packaging options such as BGAs.Ó 


The board designer can obtain these benefits by specifying the use of boundary scan in proprietary ASICs and by placing 
boundary-scannable catalog (including user-programmable) components wherever possible. The task of finding such 
components is becoming less difficult daily as the number of such products grows. As of this writing, it has been reported that 
boundary scan is supported by 22 ASIC vendors, 24 vendors of over 120 standard components and 12 vendors of 
user-programmable logic (Figure 7).12 


* catalog: 120 components, 24 vendors 
**ASIC: 22 vendors 
***user/field-programmable: 12 vendors 


Microprocessor* 





Figure 7. IEEE 1149.1 In Action 
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Included in such offerings are boundary-scannable bus interface devices. These reasonably inexpensive components can 
replace their nonscan counterparts to gain all the above benefits. It may be useful in some cases to insert such devices even 
where they are not required for normal system function (for example, in parallel to a bus that is not boundary-scannable for 
performance reasons) in order to improve test access.!3 Often such components may bound simple clusters of nonscannable 
logic that can be tested using the “virtual nails” of these devices for simple “virtual” in-circuit testing (Figure 8). Additionally, 
some vendors offer built-in parallel-output pattern generators and parallel-input signature registers that allow the board 
designer to implementboard-level BIST capabilities that provide high fault coverage with very little test pattern generation. 7.14 


In designing the board-level scan chain, a single, simple scan chain is recommended.*15 Simple buffering of the ТСК and TMS 
signals should be used, and care should be exercised іп the routing, termination, and timing of these signals.4:19,14 In the 
prototype, all TAP signals should be checked for signal integrity at their destinations.!0 Failure to maintain signal integrity at 
these signals may cause improper movement of the TAP controller and premature or unintended entry of device(s) into test 
modes, such as EXTEST. In such modes, the outputs of the device(s), which would be controlled from the boundary-scan 
register, might come into contention with those of other scannable or nonscannable devices. In general, the board designer must 
beware of conditions in which scannable and nonscannable drivers might be in conflict.4 


Another key to obtaining such benefits will be access to enabling CAE tools. As of this writing, it has been reported that 14 
CAE vendors supply tools that support boundary-scan test.!2 These tools fall roughly into three classes: boundary-scan 
insertion, access analysis, and boundary-scan ATPG. The topic of boundary-scan insertion, since it is a chip design activity, 
will be discussed later. 


Access analysis tools examine board designs prior to layout for nets to which physical test access is not required. Such tools 
will identify nets in at least three categories: pure boundary-scan (all connected devices have boundary scan), mixed 
boundary-scan (some, but not all connected devices have boundary scan), and nonboundary-scan (no connected devices have 
boundary scan).!6 These nets will then be prioritized (in the stated order) for test-point elimination. Such information is then 
passed to a layout tool (or designer) for elimination of the test points, as required for optimal board layout and 
fabrication cost.17 
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Figure 8. Logic Cluster Test 
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Boundary-scan ATPG tools automatically generate prototype or manufacturing tests to be applied to the board under test using 
the board-level TAP. Some of these tools can consider physical access (via in-circuit *bed-of-nails") as well. The best-in-class 
tools of this type will generate tests for TAP and BSDL validation, and board-level scan-path integrity. These tests, in 
combination, verify the infrastructure for applying remaining tests. The best-in-class tools generate the following additional 
types of test for board structural test: boundary in-circuit, virtual interconnect and interactions, and virtual cluster/component 
test. Boundary in-circuit test uses physical access, but utilizes boundary-scan for simple access to on-chip inputs and outputs 
for reduced test generation time and complexity. Virtual interconnect and virtual cluster/component tests allow for removal 

- of some or all physical access for test of interconnect and of nonscannable logic clusters, respectively. Such tests will include 
diagnostics of board assembly faults to the pin. Some tools support multiple board-level scan chains, while others support only 
a single chain.6.12,16,17,18 


Some means of boundary-scan test application is required. In some cases, this may be in-circuit or board-functional test 
equipment that is already owned, perhaps with some modifications to handle deep serial patterns. In other cases, it may be an 
inexpensive test adapter for PC or workstation. Such “testers” must, at a minimum, exercise the board-level TAP(s) under 
control of a simple vector file. In either case, to get the most out of boundary scan in design debug, an interactive scan-based 
diagnostic capability is desired. 10 


The best scan-based diagnostic tools will use a scan-path management database that permits interactive view and control of 
only those portions of the board (pin, register, bus, or user-defined signal group) that are of interest (Figure 9). Such tools 
completely hide the complexity of the TAP protocol and boundary-scan chain from the user and allow efficient design debug 
in the fashion of parallel stimulus generators and logic analyzers to which the design engineer is accustomed. In fact, the best 
such tools include logic-analyzer-like waveform and state table displays. 19 


Such tools should also support multiple test vector generation methods: interactive, CAE parallel (with automated 
serialization), and boundary-scan ATPG (based on a standard interchange format such as the Serial Vector Format, SVF). They 
should also describe the boundary-scan hierarchy using industry standard formats such as BSDL, the Hierarchical Scan 
Description Language (HSDL), and EDIF (Electronic Design Interchange Format) netlist. And, they must be sensitive to 
board-level constraints so that physical damage to the board, which might result from improper control of boundary-scan 
drivers, does not оссш.19 


Finally, they must support scan test and test reuse across all product phases. This means they must allow access to chip-internal 
scan and BIST, as well as board-level BIST capabilities. They must provide a flow of test information from chip to board to 


system. Ideally, they will provide a flow to embedded system test, enabling system built-in test based on reuse of scan-based 
test,10,19 


TAP MODE: TDI 100010101... 
TDO 000001000... 
TMS 101000000... 
TCK 101010101... 


U1 


INSTRUCT: EXTEST 
BYPASS: ов 


INPUT: оон 
OUTPUT A4H 





Figure 9. Scan-Path Management 
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Use of the Standard at Chip Level 


At chip level, the standard provides most benefit in its provision for a standard test access method (the TAP) which allows 
access to chip-internal test facilities in addition to the required boundary-scan test facilities. Such chip-internal test facilities 
include internal scan path, BIST, and built-in emulation and debug.5:7,8,10,17,20 


Chip-internal scan path involves the substitution of normal storage elements (latches and flip-flops) with scannable 
counterparts that can be serially interconnected for test purposes. In a full-scan approach, all such storage elements are 
replaced, and the circuit is thereby partitioned into blocks of combinational logic between parallel inputs and outputs of a 
simple shift register. Robust combinational ATPG algorithms can then be used for rigorous structural test of the chip logic. 
Partial scan implies the replacement of only selected storage elements. It is used in cases where chip area and performance 
cannot be traded-off for improved fault coverage. However, since not all storage elements are scanned, some sequential ATPG. 
must be used. The failing of such ATPG to provide adequate fault coverage is the primary reason for adopting chip-internal 
scan in the first place.21 


BIST uses on-chip stimulus generators and response monitors to eliminate the need for any test generation. Most commonly 
ituses pseudo-random pattern generation and signature analysis (cyclic redundancy checking) implemented in linear-feedback 
shift-registers (LFSRs). In such cases, care must be taken that the circuit to be tested is not resistant to pseudo-random 
techniques. Where the circuit is not suitable for pseudo-random techniques, deterministic BIST methods are possible.22 





TDI TDO 


Figure 10. Boundary Scan Plus Internal Scan in Mixed-Signal Circuit 


Such features are often most powerful when used in combination. For instance, if boundary-scan and chip-internal scan path 
are both implemented so that they may be used simultaneously in a given IC, then static test application requirements can be 
reduced to only the four TAP signals, since the boundary-scan register can control/observe the primary inputs/outputs to the 
core logic (Figure 10).22 If internal scan path is combined with BIST, the BIST may be used for quick pass/fail testing while 
the internal scan is used for chip debug and failure diagnosis. Additionally, if a standard RUNBIST capability is provided, the 
end user may perform quick function testing while the IC is in-system.23 


Finally, boundary scan alone can reduce test access requirements to the TAP only. The same static functional vectors that would 
be applied by an expensive IC tester with many parallel channels can be applied through boundary scan (if INTEST capability 
is provided). Setup of ICs for parametric test can also be facilitated by boundary scan. And boundary scan can be used in hostile 
environments where physical access is difficult or impossible. For mixed-signal ICs, inclusion of boundary scan can provide 
a very useful partitioning of analog and digital functions, allowing each to be tested independently (Figure 10).24 


To benefit from these capabilities, they must be designed into the chip. Several types of CAE tools can aid this process. Most 
such tools provide for some level of automation of internal (full or partial) scan, BIST, and boundary scan. The abstraction level 
at which these tools operate ranges from register-transfer level down to gate level, and the point of use ranges from 
pre-synthesis to post-synthesis (or schematic capture). In the area of internal scan insertion, the best tools will provide full scan 
insertion and partial scan insertion driven from chip area, performance, and test coverage constraints. They will also provide 
the combinational and/or sequential ATPG needed to capitalize on the scan раќћ.6,12,21 
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Boundary-scan insertion tools are similarly varied. Capabilities to look for besides automated insertion of TAP and 
boundary-register are BSDL output, test pattern generation for standard-conformance checking and BSDL validation. Some 
tools use BSDL (or graphical entry) as an input, rather than an output, to the boundary-scan insertion process. 18 


The need for validation of BSDL and TAP integrity cannot be overstated since the entire test infrastructure is based upon proper 
operation of these components. ^17 Special attention should be given to TAP pin placement and to considerations for proper 
clocking of internal scan path relative to boundary-scan path. 425 


Use of the Standard at System Level 


Finally, the standard can bring benefits to design at system level also. Such benefits are primarily derived from the ability for 
TAP-accessed tests to be reused at higher levels of product integration, from chip to board to system.1,7 These capabilities may 
be used for system hardware debug and hardware/software integration while chips and boards are in their normal system 
configuration and operating environment. Since no physical access is required, use of "extender" cards, complex connectors, 
and large environmental control systems is not пеейей.5:7,8 





Figure 11. Multidrop System TAP 


Additionally, boundary scan and other TAP-accessed test facilities may be useful in meeting system design requirements for 
built-in test, field service test, and remote diagnostics. Clearly, in most such cases it is desirable to limit the expense and 
complexity of test equipment required. Boundary scan can facilitate this by limiting test access and control requirements to 
an inexpensive diagnostics port (the TAP).7.20 


Boundary-scannable bus interface devices can be useful in these applications, as well, by partitioning the system along 
field-replaceable unit (PCB) boundaries. Also, if the backplane interface of PCBs is scannable, then backplane connectivity 
and integrity testing can be performed. By using the previously mentioned pattern generation and signature analysis 
techniques, it is even possible to perform gross performance testing оп the backplane.14 


One problem in the area of system implementation of TAP access is referred to as the multidrop problem (Figure 11). Since 
TDI and TDO are serial terminals, they must be daisy-chained in simple chains. This "ring" configuration presents a problem 
in backplane-oriented systems, since some boards may be removed, disabling the scan chain. An alternative, proposed by the 
standard, is the "star" configuration which allows TDI and TDO pins on PCBs to be bussed.3 However, since multiple TMS 
signals are required to prevent simultaneous scanning (and thereby contention on TDO bus) of PCBs, many backplane routing 
channels are required. Several alternative multidrop schemes, based on serial addressing techniques, have been proposed to 
alleviate this problem. The best of these techniques will enable multidrop routing of backplane signals, with minimal need for 
test reformatting and minimal impact on test application time. 1,4,6,7,20,26 
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Conclusion 


We have discussed many benefits that are available to designers through use of the Test Access Port and Boundary-Scan 
Architecture. These benefits are primarily in the area of design verification and debug and are enabled by improved 
controllability and observability into circuits, and freedom from physical access constraints provided by boundary scan. While 
some effort is certainly required to derive such benefits, a suite of CAE tools that reduces such effort has been presented. 
Designers at all levels of product integration (chip, board, system) are encouraged to evaluate boundary scan for benefits that 
they and their companies may derive from its use. 
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DESIGN APPLICATIONS 


BOUNDARY SCAN SPEEDS 
STATIC MEMORY TESTS 


THE BOUNDARY- 
SCAN STANDARD 
CAN SUPPLY 

ACCESS NEEDED 


W he steady increase in memory densities used іп microproces- 
sor-based systems has stretched functional test times, as large 
memories require time-consuming tests for adequate fault 
coverage. Moreover, using high-density ASICs with embedded 
memory limits physical test access. Wide buses and high bus 
fan out further complicate testing by limiting component fault 





То CONTRO L isolation. Fortunately, the IEEE-1149.1 boundary-scan stan- 
dard offers a solution to the problem of testing static memory. 

BUILT-IN SE LF- The boundary-scan standard was initially conceived to test board intercon- 
nections without the need for physical probing. The standard requires the 


TEST FUNCTIONS inclusion of boundary-scan functions on ICs, and its success is evidenced by 
* | willingness of silicon vendors to add that capability to their new products. 
Boundary-scan devices available now include general microprocessors, digi- 
tal-signal processors, field-programmable gate arrays, ASIC libraries (stan- 
dard cell and gate arrays), and bus-interface components. 

Designers of microprocessor-based applications typically buffer the pro- 
cessor's address and data buses to solve electrical loading or isolation prob- 
lems. If the bus-interface parts are IEEE-1149.1 compatible, then boundary- 
scan functions can be used to test the memory. 

One technique uses boundary-scan instructions to scan in the address val- 
ue and the data value, set a memory strobe active to perform the memory ac- 
cess, and set the memory strobe inactive to complete the cycle. Because these 
multiple-scan steps must be done for each memory address, this technique is 


JIM COLEMAN and RICHARD THORPE very scan-intensive and therefore very time consuming. For extremely large 
Texas Instruments Inc., memory arrays, the process could require millions of IEEE-1149.] scan oper- 
Semiconductor Group, Test ations and take hundreds of minutes to perform. 

Technology Center, 6500 Chase Oaks A better solution, which can speed up test execution time by a factor of 
Blvd., MS 8407, Plano, TX 75086; (214) | hundreds, employs IEEE-1149.1-controlled built-in self-test (BIST) with off- 
516-2511. the-shelf components or ASIC macros. With either method, the fault detec- 


tion and isolation provided by a given memory test will depend on the stimu- 
lus patterns used. To compare the two techniques, a 256-by-8-bit memory ar- 
ray and associated bus-interface and control logic was constructed (Fig. 1). 
This configuration allows for explicit read/write operations using the IEEE- 
1149.1 Extest and Sample instructions. The IEEE-1149.1 components, which 
have a BIST capability controlled by boundary-scan methods, can also per- 

form the memory read/write operations. 
Two tests were run on the memory. The first explicitly scanned in the RAM 
| : | не array address, да а, and strobe sig- 
TABLE 1: BOUNDARY SCAN VERSUS CONTROLLED BIST .. nal; the second executed IEEE- 
1,000, " 1149.1-controlled BIST, which gener- 
ated the address, data, and strobe 
IEEE 1149.1 (Extest & Sample) signals automatically at the test 
Time to apply 00 min. clock (TCK) rate of 6.25 MHz. The 
"000, boundary-scan technique solved the 
problem of direct physical access, 


IEEE 1149.1 (with BIST capability) 





Time to apply ! J5mi but was time consuming (Table 1). 
Scans ? | The second test, however, clearly 
непз apa showed the advantage of IEEE- 
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1149.1-controlled BIST. That is, by 
using IEEE-1149.1-controlled BIST 
circuitry embedded within the func- 
tional logic surrounding large mem- 
ory arrays, designers can closely em- 
ulate the actual functional charac- 
teristics and timing speeds of the 
memory being accessed. 

This article describes how to im- 
plement this solution using Texas In- 
struments Scope bus-interface com- 
ponents. These are off-the-shelf de- 
vices that offer the IEEE-1149.1-con- 
trolled BIST functionality needed to 
test static memory. The Scope de- 
vices also supply the electrical signal 
conditioning and buffering a design 
engineer would typically design 
around a microprocessor. 


GENERATING PATTERNS 


First, a few comments regarding 
deterministic and algorithmic pat- 
terns. Using algorithmically gener- 
ated patterns for memory-array 
tests is an accepted engineering 
practice commonly used in software- 
baséd built-in test (BIT) code. Deter- 
ministic patterns that can’t be gener- 
ated with a BIST algorithmic circuit 
would require more memory to store 
the patterns than the memory array 
that’s being tested. 

Various memory-testing algo- 
rithms are available. Each technique 
specializes in detecting and isolating 
particular memory faults. Once the 
engineer analyzes the memory fault 
classes and testing approaches appli- 
cable to a given design, the appropri- 
ate BIST structures can be integrat- 
ed into the processor, ASIC, or bus- 
interface components. 

The size of the memory array is im- 
portant in determining the desired 
width of the BIST structure bound- 
ing the address and data buses. An 
octal bus-interface component can 
generate only 256 unique patterns 
from its BIST circuit. So, if two 8-bit 
octals are used on a 16-bit bus, the 
BIST must be executed 256 times to 
cover a 64-kbit memory space. 

The Scope 8-bit octal bus interface 
components provide flexible, generic 
types of BIST structures that sup- 
port several memory-testing algo- 
rithms. The ЂЕ biCMOS technolo- 
gy (BCT) devices have BIST struc- 
tures for pseudo-random pattern 
generation (PRPG), parallel signa- 
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TABLE 2: SCAN SEQUENCE FOR PRPG 
Data scanned into device 
READBN opcode 


Initial seed (16 bits) 
SCANCN opcode 
b'01' (PRPG) 

Runt opcode 
Bypass opcode 





ture analysis (PSA), concurrent 
PSA/PRPG, and Toggle/Sample. 
The 8-bit advanced biCMOS technol- 
ogy (ABT) versions have the same 
capabilities as the BCT parts, and 
add a Count-up (256 patterns) func- 
tion at the outputs. The 18- and 20-bit 
Widebus Scope bus interface compo- 
nents generate 256-kbit and 1-Mbit 
unique patterns, respectively, in one 
BIST execution. These parts also 
have advanced BIST capabilities, in- 
cluding the Count-up function of the 
ABT devices. 

The example circuit uses the BCT 
octal bus interface components, so a 
review of their BIST functions is ap- 
propriate at this point. Specifically, 
the following descriptions of PRPG, 


Bus transceiver 
(SN74BCT8245) 


Register accessed 


Instruction 
Boundary register 
Instruction 
Boundary control 
Instruction 
Instruction 


PSA, combined PSA/PRPG, and 
Toggle/Sample patterns apply to the 
BCT8240, BCT8244, ВСТ8245, 
BCT8378, and BCT8374. 

For PRPG, the patterns are gener- 
ated at the functional outputs. The 
user should select an initial seed val- 
ue and scan it into the boundary-scan 
register before performing the scan- 
ning sequence required to place the 
device into PRPG (Table 2). After the 
Instruction Register (IR) scan of 
step 5 is completed and the test ac- 
cess port (TAP) has entered the Run- 
Test/Idle state, the device outputs 
begin generating pseudo-random 
patterns. 

The timing relationship of these 
patterns to TCK and test mode select 
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1. A SIMPLE CIRCUIT CONSISTING of a memory array and associated bus- 
interface and control logic was constructed in order to evaluate two memory test methods, 


(2) PRPG шау ота 
mon ых hi хви 
(h) FSA wavelorm 


изм 


(е) Combined PSA/PRPG waveform 
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(d) Toggle/sample wavetorm 
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EN 2. THIS timing diagram shows the relationship between the IEEE-1149.1 signals—TCK, TMS, and 
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УНИИ TAP state—and the different types of test data signals that can be used to test the memory. 


(TMS) is given in Figure 2a. The 
Scope octal’s outputs change value 
after the falling edge of TCK while 
the TAP is in Run-Test/Idle and the 
current instruction register is loaded 
with the instruction Runt. 

All Scope octals use an internal 16- 
bit linear feedback shift register 
(LFSR) for PRPG. The devices must 
receive a total of 65,535 TCKs in or- 
der to generate every sequence com- 
bination of 8-bit (octal) output val- 
ues. The sequence of these values is 
pseudo-random, based on the initial 
seed value written into the bound- 
ary-scan register. The seed can be 
any value between х0001 and 
xFFFF. A seed of x0000 causes the 
LFSR to remain at x0000. After 
65,535 TCKs, the output pattern se- 
quence begins to repeat. 

The 16-bit PRPG function can be 
used to generate input patterns for 
the data bus when performing mem- 
ory write operations. This function 


would not normally be used for gen- | 


erating address patterns because it 
would take more than 256 TCKs to 


'ensure that all 256 memory locations 


were accessed. 


Usine PSA 

When the PSA function is used, 
data appearing on the eight function- 
al data inputs is compressed into a 
16-bit signature. As with PRPG, an 
initial seed value must be scanned 


into the boundary-scan register be- 
fore the scanning sequence required 
to place the device into PSA is per- 
formed (Table 3). The compression 
occurs after the IR scan of step 5 is 
completed and the TAP enters the 
Run-Test/Idle state. 

The timing relationship of the data 
sampling to TCK is shown in Figure 
2b. The A-inputs of the Scope octal 
devices are sampled on the rising 
edge of TCK, while the TAP is in 
Run-Test/Idle and the current in- 
struction register is loaded with the 
instruction Runt. 

The PSA function uses the 16-bit 
LFSR to generate the 16-bit signa- 
ture, based on the initial seed value 
loaded in the boundary-scan regis- 
ter. The 16-bit seed can be any value 
between х0000 and xF FFF. The seed 
value chosen will affect the validity 
of the signature and the detection of 
faulty patterns. Therefore, the engi- 
neer should carefully study the na- 
ture of the LFSR’s signature analy- 
sis in order to understand aliasing 
conditions. Aliasing occurs when 


multiple input-pattern com- 
binations produce the same 
final signature. If that hap- 
pens, certain memory data 
faults could be masked and 
thus go undetected. 

The PSA mode would typ- 
ically be used when verify- 
ing the validity of known 
data previously written toa 
block of memory. Using the 
16-bit PSA function of a 
Scope octal device reduces 
the chance of aliasing. 

As noted, the Scope octals 
can also combine PRPG and 
PSA operations. In this 
mode, the devices simulta- 
neously generate pseudo- 
random patterns on the out- 
puts while compressing a 
signature on the inputs. The 
IEEE-1149.1 scan opera- 
tions needed to set up a de- 
vice for combined PSA/PRPG opera- 
tion are similar to those for the PSA 
mode (Table 3, again). One differ- 
ence is that the 16-bit seed value is 
split into two &bit seeds, one for 
PRPG and the other for PSA (step 2). 
In addition, the boundary-control 
register should be loaded with a b'11' 
value (step 4). After the IR scan of 
Step 5 is completed and the TAP en- 
ters the Run-Test/Idle state, the oc- 
tal's outputs begin generating 
PRPG patterns and the inputs are 
compressed. The timing relationship 
of these operations to TCK is shown 
in Figure 2c. 

Because the two 8-bit seeds split 
the 16-bit LFSR, only 255 TCKs are 
required to generate every PRPG 
output value, and the device gener- 
ates only an 8-bit PSA signature. Af- 
ter 255 TCKs, the output PRPG se- 
quence repeats itself. Because of the 
nature of an LFSR, the eight outputs 
will never be all zeros. Because only 
8 bits of the LFSR are used for PSA, 
the possibility for aliasing increases. 
Consequently, the 8-bit PRPG func- 


:ТАВІЕ 3: SCAN SEQUENCE РОВ PSA RR 


Data scanned into device 


READBN opcode 
Initial seed (16 bits) 
SCANCN opcode 
810 (PSA) 

Runt opcode 
READBN opcode 
Resulting signature 





Register accessed | 


Instruction 
Boundary Register 
Instruction 
Boundary Control 
Instruction 


Instruction 
Boundary Register 
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tion could be used 
to produce memory 
addresses, since 
255 address values 
can be generated 
within 255 TCKs. 
But the 8-bit PSA 
function would not 
be recommended 
‘for sampling mem- 
ory data because of 
the greater possi- 
bility of aliasing. 

In the Toggle/ 
Sample mode, the 
octal device gener- 
ates a toggle раб 
tern atthe function- 
al outputs while the 
inputs are sampled. 
Once again, the 
Scan operations 
used to set up the 
octal for Toggle/ 
Sample mode are 
similar to those for 
PSA setup. Two + 
bit seeds are en- 
tered (step 2). The 
first is the initial 
value of the toggle 
pattern at the out- 
puts, and the sec- 
ond isn't used. To 
configure the octal 
for this BIST func- 
tion, the boundary 
contro] register 
Should be loaded 
with a b'00' value 
(step 4). As in the other modes, the 
octal's outputs begin to toggle after 
the IR scan of step 513 completed and 
the TAP enters the Run-Test/Idle 
State. 

The timing relationship of these 
patterns to TCK is shown in Figure 
2d. The outputs of the Scope octal 
change value after the falling edge 
of TCK, and the TAP is in Run-Test/ 
Idle and the current instruction reg- 
ister is loaded with the instruction 
Runt. The toggling output function 
could also be used for generating 
memory data input patterns, such as 
55/AA, FF/00, andso on. 

An example circuit consists of a 
generic microprocessor, a static 
RAM array, two PALs, and several 
Scope octal ICs (Fig. §). The micro- 
processor has a 16-bit address bus 
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в — 
ВА ВАТ“ 85788 
BAys*BAqg“Test_CS 


and a 16-bit data bus, as well аз read/ 
write (R/W) and address strobe 
(STRB) control signals. The Scope 
octal devices partition the address 
and data buses to facilitate boundary 
scan around the microprocessor. 
Specifically, U, and U, (BCT8244 
types) buffer the microprocessor's 
address bus, and U, and U, (BCT8245 
types) are transceivers on the micro- 
processor's data bus. U, (a BCT8244) 


TABLE 4: MEMORY MAP 
——AND-ADDRESS-DECODER-— 


Address range 
Memory selected 













ВА ВА; 

0000-3FFF Not defined 

4000-7 FFF RAM array (to be tested) 
&000-FFFF Not defined 


ISRAMCS = ((!ВА15 & BA14 & BSTRB) # (IBA15& 
BA14 & TSTCS)) 





3. IN THE EXAMPLE TEST CIRCUIT, several businterface devices partition the address and data 


buses to facilitate boundary scan around the microprocessor. 


buffers the processor's R/W signal 
and other control signals. 

For simplicity, the example circuit 
doesn't detail the data-transfer ack- 
nowledgement logic. The signal H, is 
the microprocessor's functional 
clock, from which all functional 
read/writes are timed (Fig. 2). 

The circuit's memory map and ad- 
dress decoder equation, including 
the buffered upper address lines, 
ВА. „апа BA,, are defined in Table 
4. To select the memory resource to 
be tested by the BIST function, BA,, 
and BA,, must be controlled properly 
to generate the necessary chip se- 
lect. The 20L8 PAL, E generates a 


chip select to the RAM array, 


The lo ic equation generating 
SRAM CS has two product terms 





э 


(P-Terms). The first 
generates Ше ''func- 
tional operation” chip 
select; the second sup- 
ports — IEEE-1149.1 
BIST testing. When 
BA,, is a logic 0 and 
Вама a logic 1 and 


is a logic 0, the 
output SRAM СЫ is a 
logic 0. This enables the 
RAM array (via the 
chip-select pin). 

The second term is 
logically ORed with the 
first and supports the 
BIST operation. U, (the 
octal that buffers the 
upper address bus) 
must be loaded with the 
Extest instruction and 
must drive the upper ad- 
dress lines, B . The 
output SR is a 
logic 0 when BA,, is a 


logic 0, ВА, is а logic 1, and 

est_.Cs is a logic 0. The lower ad- 
dress lines, B , are driven by 
U;'s PRPG BIST circuit. 

The 16R4 PAL, U,, generates the 
Test. CS signal at the appropriate 
time to allow the IEEE-1149.1 BIST 
functions to time properly with the 
RAM circuitry. This device holds 
three logic components. 

The first logic component has two 
inputs—TCK and TMS. The TMS sig- 
nal is sampled on every rising edge 
of TCK, just as in other IEEE-1149.1 
devices. By sampling TMS, the PAL 
logic can monitor the TAP state of 
the IEEE-1149.1 scan bus. The TAP 
has 16 possible states, encoded into 
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show the relationship between Ше тісгоргосеззог 8 functional clock, 


Е 4. THE READ/WRITE WAVEFORMS for the example circuit 
Hy, and the appropriate signals. 


four outputs defined as TAP,-TAP, 
(Table 5). 

The PAL’s second logic compo- 
nent generates the output signal 
Runtest. This signal is asserted (log- 
ic 0) whenever the TAP is in the Run- 
Test/Idle state. This signal, which 
indicates when the TAP is in Run- 
Test/Idle state, is important. When 
the TAP is in this state and the octal 
is loaded with the Runt instruction, 
the BIST circuitry generates pseudo- 
random patterns or compresses a 
PSA signature. 

The third logic component actually 
generates the Test (CS signal. 
While the octals are performing the 
BIST in the Run-Test/Idle state, this 


TABLE 5: DEVICE US TAP STATE DEFINITION 


| тама | C | Wm | m __ 


1 
1 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
1 
1 
1 
1 
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TAP State 
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IRUNTEST = (ТАР; * ТАР; * ТАР, * ТАРО) 


PAL needs to know 
when the Runt instruc- 
tion is loaded into the oc- 
tals. А scannable sig- 
nal, Memtest, is used to 
accomplish this. U,, a 
BCT8244 octal buffer, 
drives this signal. 

The equation for 
"lest... CS is: 

Test С5 = (Memtest * 
Runtest * TCK) 

Software performing 
the IEEE-1149.1 scan 
operations must set the 
Memtest signal low at 
the same time that the 
Runt instruction is load- 
ed into the octals per- 
forming PRPG and 
PSA. 

The designer must be 
able to shut off the mi- 
croprocessor or hold it 
in a reset state while Ше 
test is executing. Thus, the proces- 
sor should be controllable via an 
IEEE-1149.1 scannable register. Ta- 
ble 6 defines the scan operations re- 
quired to perform BIST memory 
writes to RAM addresses 4001-40FF, 
using pseudo-code to generate both 
the address and data patterns. De- 
vice U, generates pseudo-random ad- 
dresses on signals ВА, and de- 
vices U, and U, generate pseudo-ran- 
dom data on signals ВБ ,, (Table 6). 

The following steps execute the 
BIST memory write operation: 

Step 1 loads all Scope octals with а 
READBN instruction, which allows 
access to the octal boundary-scan 
register (BSR) while the octals re- 
main in their functional mode. 

Step 2 involves a Data Register 
scan that initializes the BSRs of each 
octal device. U, (ВА |) is set up 
with the desired RAM memory ad- 
dress and U, (BA w) is loaded witha 
PRPG seed value. Both U, (BD, 5) 
and U, (ВО) are loaded with a 
PRPG seed value. U, is set up with 
the Memtest signal asserted (logic 
0), and the read/write-signal (BR/W) 
logic level selecting a write (logic 0) 
operation. 

Step § is an Instruction Register 
scan that loads the octals U,, U,, and 
U, with the SCANCN instruction. 
This instruction allows access to the 
boundary control register (BCR). U, 
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ВА15 =0 
ВА 4 =1 
ВАв. 13 = 000000 


and 
type 
7.08 


ВА 41 
BApg, 13 == 000001 
and U, are loaded with the Bypass 
instruction. 

Step 4is a Data Register scan that 
loads the U,, U,, and U, BCRs with 
the PSA/PRPG code (11). 

Step 5 is an Instruction Register 
scan that loads U,, U, and U, with 
the Runt instruction and loads U, 
and U, with the Extest instruction. 
Extest allows the previously loaded 
values for BA, BR/W, and Memtest 
to be asserted when the TAP enters 
the Update-IR state. When the TAP 
enters the Runtest/Idle state, U,, U,, 
and U, begin generating PRPG pat- 
terns (Fig. 5). 

Step 6 is an Instruction Register 
scan that puts the octals into their 
functional mode. It also deasserts 
U,s Memtest signal (logic 1), pre- 
venting Тез. CS from being gener- 
ated when the Runtest/ 
Idle state is reentered. 

Step 7is a Data Register 
scan that sets up the mem- 
ory write operation for the 
next block of memory. 

Similarly, the scan oper- 
ations needed for memory 
read operations read from 
RAM addresses 4001- 
40FF. U, generates pseu- 
do-random addresses on 
address bus signals B 
о» and devices U, and 
compress a signature from 
data bus signals ВО ,, 
(Table ?). 

The following steps are B 
required in order to exe- 
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` TABLE 6: PSEUDO-CODE FOR MEMORY WRITE OPERATIONS 


ды аш ылды 


н, 
" 
ШП 


**Shut off the embedded microprocessor 


READBN 


LFSR seed 


Sequence 
ee SS 


MED SEM MEET BHL 


**Hoid in 1149.1 Run — Idle state for 255 pe Clocks a 


ка | — mem rece 


| READBN | 
LFSR seed 


LFSR seed 


cute the memory read operation: 

Step 1 loads the octals with the 
READBN instruction, which allows 
access to the octal BSR while the oc- 
tals remain in their functional mode. 

Step 2is a Data Register scan that 
initializes the Scope octals' BSRs. U 
(ВА, |) is set up with the desired 
RAM memory address and U, (BA, 

m) is loaded with a PRPG 21 value. 
Both U. „(ВО ,J and U, (ВО оо) are 
loaded with a PSA seed value. U, is 
set up with the Memtest signal as- 
serted (logic 0), and the read/write 
signal BR/W logic level selects read 
(logic 1). 

Step 8 is an Instruction Register 
scan that loads octals U,, U,, and U, 
with the SCANCN instruction, per- 
mitting access to the boundary con- 
trol register. U, and U, are loaded 


uu direction А — B) 


(set direction A— d 






Memtest 
Us 
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ee seed 
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with the Bypass instruction. 

Step 4is a Data Register scan that 
loads the U,, U,, and U, boundary 
control register with the PSA/ PRPG 
code (11) and PSA code (10). 

Step 5 is an Instruction Register 
scan that loads U,, U,, and U, with 
the Runt instruction and loads U, 
and U, with the Extest instruction. 
The Extest instruction allows the 
previously loaded values for BA, 2 
BR/W, and Memtest to be asserted 
when the TAP enters the Update-IR 
state. When the TAP enters the Run- 
test/Idle state, U, begins generating 
PRPG patterns and U, and U, begin 
compressing a signature. 

Step 6 is an Instruction Register 
scan that puts the octals into func- 
tional mode. It also deasserts octal 
device U,'s Memtest signal (logic 1), 
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EE 5. THE BIST-GENERATED РЕРС patterns for memory write operations are created after Uy, 
GNU, and U, are loaded with the Runt instruction, and the TAP enters the Rurrtest/Idle state. 
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6. THE BIST-GENERATED waveforms for memory read operations are created after the Data 
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Register scan that reads the signature from octals U, and U. 


preventing Test_CS from being 
generated when the Runtest/Idle 
state is reentered. 

Step 7is a Data Register scan that 
reads the signature from octals U, 
and U, In adition, it sets up Ше mem- 
ory read operation for the next block 
of memory. 

The BIST-generated waveforms 
for the memory read operation are 
shown in Figure 6. 

The designer can repeat these pro- 
cedures to access other locations in 
the RAM array by changing the val- 
ue of U,’s boundary-scan register 
output signals, BA, |, Because U, 
operates in the Extest mode, soft- 
ware has to increment and scan out 
each of these addresses. 

During Read cycles, the data bus, 
BD, becomes valid during the as- 





ВА =0 
ВА 1 
ВА 13 = 000001 








sertion of SRAM__CS (after the 
RAM access time). The bus is sam- 
pled by devices U, and U, on the ris- 
ing edge of TCK, which is when 
SRAM__CS is being deasserted. The 
address bus changes value after the 
falling edge of TCK (after the propa- 
gation time, TCK-to-Q valid). The cal- 
culation of the minimum TCK period 
must consider the address setup 
time, RAM access time, and the octal 
data setup and hold times. 


OTHER CONSIDERATIONS 

The 8 bit Scope octals offer two 
practical patterns for generating 
BIST addresses to a block of memo- 
ry: 8-bit PRPG and Binary Count-up 
(for ABT parts only). The devices 
also supply four ways of writing 
data to а block of memory: 8-5 
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**Shut off the embedded microprocessor 


LFSR seed 
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0 
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(set direction B — да 


PRPG, 16-bit PRPG, Тор- 
gle, and Binary Count-up. 
The parts allow for reading 
BIST data from a block of 
memory by using 16-bit PSA 
data compression. 

The use of 8-bit PRPG for 
address generation has a mi- 
nor weakness in that it does 
not include address 00. De- 
signers can ignore this 
shortcoming or do a sepa- 
rate boundary-scan proce- 
dure for address 00 in each 
memory block tested. The 
Binary Count-up algorithm 
accesses every address in 
the memory block. 

One type of fault not fully 
covered by PRPG, or by one 
pass of any data pattern, is a single 
stuck bit in а memory cell. To guar- 
antee detection of this fault, the test 
must write and read back a data pat- 
tern and its complement on two 
successive BIST executions. Only 
the Toggle algorithm can do this. 
The other data patterns require 
many more BIST operations. 

Regardless of the address and 
data patterns used, АП BIST memory 
blocks are read back using 16-bit 
PSA data compression. If the data 
patterns created a unique signature 
for each data byte within all the 
memory blocks, the tests should de- 
tect the general area and/or type of 
error. For example, if an error oc- 
curs in the same byte of every block, 
a data line probably has a short or an 
open. If all the bytes in a memory 
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BOUNDARY-SCAN 
MEMORY TESTS 


block are in error, an address line 
may havea problem. If only one byte 
in a block has a error, a memory cell 
may be bad, especially if complemen- 
tary data does not cause an error. 

Once the general area or type of 
error is known, the designer can 
write a simple program using TI’s 
Asset boundary-scan development 
tools that will read and write to any 
selected address. Using various ad- 
dresses and data patterns, this pro- 
gram can help determine the exact 
location of the problem. 

For larger memory arrays, the Wi- 
debus interface parts can be used. 
These parts allow a larger block of 
data (up to 65,536 addresses) to be 
tested in one BIST execution. Also, 
one device can generate or read two 
data bytes. Although this capability 
increases test speed, it reduces reso- 
lution in locating a particular fault. 

The techniques discussed in this 
article are for testing of static de- 
vices (RAM, ROM, EPROM, etc.). 
However, with some minor changes 
depending on the type of device be- 
ing tested, similar methods can be 
used to test dynamic RAMs. The 
main consideration is the refresh cy- 
cle time required by the DRAM. One 
alternative is to make the BIST for 
each memory block short enough 
that a burst refresh before and after 
each BIST can keep the memory re- 
freshed. Another technique is to de- 
sign the address generator part of 
the BIST circuit so that it is tied to all 
the DRAM row-address lines. Then 
the DRAM will be refreshed auto- 
matically while the BIST is running. 
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Abstract 


This paper presents a design-for-test (DFT) analysis of a buffered synchronous dynamic random-access memory 
(SDRAM) dual in-line memory module (DIMM). The analysis is restricted to board-level manufacturing faults. The test 
problem is described, alternate test methods are suggested, and a comparative study is presented contrasting a DFT approach — 
including boundary-scan test — versus a non-DFT approach. 


Keywords: boundary scan, design-for-test, DFT, DIMM, DRAM, IEEE Std 1149.1, in-circuit, JTAG, memory, module, 
SDRAM, test. 





Figure 1. Subject Module (1/2X) 


1. Introduction 


The high quality of electronic systems being demanded by business and private consumers today is driving the growing 
importance that manufacturers are placing on testing as a whole. Ever-increasing miniaturization and complexity of 
very-large-scale integration (VLSI) integrated circuits (ICs) and systems are, in turn, leading to escalating difficulties faced 
by board/module manufacturers in using conventional test methods for their testing needs. The advent of new assembly 
technologies like fine-pitch surface-mount technology (SMT), multichip modules (MCMS), tape-automated bonding (TAB), 
and chip-on-board (COB) have complicated matters further. 


Due to such advances, not only has it become difficult to gain physical access to probe printed-wiring-board (PWB) traces, 
but it has also become impractical to continue with conventional test development. With increased IC and module complexity, 
the high costs involved with developing test programs are recurring, as standard test programs that could be reused several 
times in the past, now need to be generated with a specific application in mind, due to the application-specific nature of ICs. 
Therefore, to maintain quality of products and increase competitive advantage while remaining economically viable, new and 
evolving system-level test methodologies aimed at improving overall testability must be adopted. This paper will demonstrate 
the applicability of such methods to a buffered SDRAM DIMM. 


2. Module Construction 


The analysis to be presented in this paper is based on a 200-pin, 2-bank x 2M x 72, buffered SDRAM DIMM designed at Texas 
Instruments (TT) according to JEDEC Standard 21-C. Figure 1 shows the subject module at half-size magnification. As shown, 
the module is a double-sided assembly that uses a high degree of miniaturization for both components and assembly. 
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The fundamental elements of the buffered SDRAM DIMM are a laminate substrate with dual-in-line edge contacts, a 
high-speed buffered register IC, a phase-locked-loop (PLL) clock distribution IC, several SDRAM ICs, as well as several 
capacitor and resistor components. Table 1 provides a summary of the module construction. As can be ascertained from this 
summary, all components, including passives as well as ICs, are of the fine-pitch surface-mount type. 


Table 1. Summary of Module Construction 














Finished size: 1.15 in. x 6.05 in. x 0.05 in; finished cost: $10 
Substrate: glass-base epoxy resin, flame retardant (FR4) - 6 layers; edge: 200 pin, gold plate 
Wiring: copper/entek plus, size 4 mil, pitch 10 mil; vias: size 12 mil, pitch 50 mil 


DESCRIPTION PART NO costs LEAD 
| EXT'ED PITCH 


Сем | axe | в | тәне | 3000 | 5000 | акротвов | 680mm | 
вие тез | шы | + |Амонөта | в | 50% | SeemTssoP- | оболи | 
Соке | поле | + | cocasse | вю | 6% | senior | 065mm | 
Pp puter | sn | + | м [1% | to | 20ри766ОР | 055mm | 


кашыды PITCH 
UNIT EXT’ED 


[Золото y — | sz | — —— | oo | os | oo | вм | 
Bypass capactors 0007,0 2424] | om ] ra | 0% | som | 


In the dual-bank architecture of the subject module, nine SDRAM ICs are placed on each side of the PWB. The clock driver 
and related passives are placed on one side of the board, while the register and buffer, along with associated passives, are placed 
on the other side of the board. 









As noted in the construction summary, the PWB was constructed in six layers. The two outer layers were used for the data I/O 
and address/control buses. One inner layer was used for the clock signal routing, while another was used for routing register 
outputs to receiving SDRAMs on the back side. Finally, the remaining two layers were used for power (Усс) and ground planes. 


3. Module Function 


The function of the subject SDRAM DIMM is shown in the block diagram of Figure 2. All address (12) and control (8) lines 
to the SDRAM devices are buffered and retimed through the 20-bit register. Data in/out signals are driven directly to/from the 
card edge via 10-ohm series damping resistors. External damping resistors are avoided on the address, clocks, and controls 
through the use of ICs that integrate such resistors. The single clock driver supplies buffered, phase-controlled clock signals 
to the register, as well as all SDRAM devices. The octal buffer sources the buffered presence-detect outputs, which provide 
configuration information about the DIMM. The output enable for this buffer is controlled by the presence-detect enable 
(PDE) signal. 
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9 x TMS626802 





Figure 2. Module Block Diagram 


4, Taxonomy of Defects 


The causes for defects in a module can broadly be classified into process defects and random point defects. Process defects 
can result from high or abnormal variation in processing, such as in solder paste thickness, wiper pitch, etc., while point defects 
may result from particulate or other contamination. 


Some defects that occur during the assembly process are commonly caused by manufacturing errors, such as the use of wrong 
components or missing components. Defects introduced during module assembly can also result from manufacturing 
processes, such as incorrect or insufficient paste, incorrect component placement, cold solder, solder splashes, contamination, 
or process damage. These may also be caused by use of defective or faulty components in the form of broken or improper leads, 
mislabeled parts or wrong values, or cracked components. 


Regardless of their root cause, such defects can result in improper operation/function of the assembly. Therefore, testing is 
necessary to verify proper module function, to identify defects in faulty assemblies for rework and repair, as well as to eliminate 
sources of defects in the process. 


A specific manifestation of a defect in an assembly is referred to as an assembly fault. These can be broadly grouped into gross 
and marginal classes. Marginal assembly faults are parametric in nature and deal with electrical characteristics of circuits like 
threshold, bias, and leakage currents and voltages. Delay faults can be classified as such. Gross assembly faults can be divided 
into interconnect faults, which include shorts and opens, and placement faults, which are caused by wrong component 
orientation or wrong part in socket. 
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Table 2. Node/Solder-Joint Matrix With Card-Edge and In-Circuit Test Fault Classification 


















CLASSIFICATION OF a 

SOLDER JOINT FAULTS t 

ASSOCIATED CARD-EDGE La 

SIGNAL NODES SOLOER JOINTS DESCRIPTION (NO DFT) ст |Б 2 
33/ so/ | so/ Q 

ЕНІНЕН: 


Edge -» Reg(addr) Reg-I(addr) Module Address Inputs ПАДА | fA | th | В | a | 

CICHNNNCCNERNE — "ENDO 

"TCR [s| ses ER I SN CCCII CC 
Module Data/ 

сан mem |! | поли NECCCHEEDBBDB 


Edge — Reg(ras) 1 Reg-l(ras) 1 Module Row-Address Strobe Input rx [rx tx |х [iB | а | 


ЕЕ ЕЙ 
шты [е | мем fe | "трт" [epe [e [na] 
Ез энеди | 1 | пещи | 1 | Wodiiewrte вава [ж [X | X [ X | & | а | 
Edge > CDCI сольно [т | Module System Сота | x | x | x [ | C [а | 


emoon |1) вео |2) ower [еее ее | + | 
. Shunt-head(id) PET э, F 
Edge — Shunt(id) ии 3 Module Identification Output fT | fT | fT | fT iT 
Shunt-tail(id) 


ІХ 
fX 
Shunt-head(in/out i 
Edge «ә Shuntü/ou) | 2 I a Module Physica Presence tu} tu Гу | wu | it 
Shunt-tail(in/out) Detect Input/Output 
Edge еэ SDRAM(dq): Resistor-head 
through 10-ohm resistors 
But-O(pd) Р Module Logical Presence 
ш- 
4 Detect Outputs 


>= shr 
== |e Fate === [ЕЕ 
== ЕЕ ====|= НЕ 


Reg-O(ras) [X | x | в | 
Reg — SDRAM(ras) SDRAM-I(ras) SDRAM Row-Address Strobe fX | fX 
Repo) | 2 | SDRAM Chip Select | С lee iB | 
Мо SDRAM ШЕЛ; aan o 


хлапе ue] eee [se ЕЕ 


n/c = not considered; n/f = no fault 
1 noise injected onto open inputs may cause intermittent/unexpected results 
+ assuming 100% node coverage 


Module Data Input/Data Output 
All SDRAM І/Ов are driven 


ммм] м] a | 
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Table 2. Node/Solder-Joint Matrix With Card-Edge and In-Circuit Test Fault Classification (Continued) 


CLASSIFICATION OF 
SOLDER JOINT FAULTS 
CARD-EDGE 
SIGNAL NODES DESCRIPTION (NO DFT) 
ss/ | ss/ | so/ | so/ + 
L | H | Lt | Ht |539 


CDC (сос э some | qeu SDRAM System Clock е ne ROLL b/c 


CDC-O(clk с 
CDC — Reg(clk) е Register System Clock fX. | £X | fX | fX rz 

| __Ред-(ск) | I(clk) 

CDC-O (tb) 
CDC > CDC (fb) 1 CDC External Feedback fX | fX | fX | fX - 

— — 









ASSOCIATED 
SOLDER JOINTS 







ACCESSIBILITY 













Витр) | Buffer Input 
Ви! < Shunt(pd-l) Shunt- TI (Presence Detect) {W LM 
| Shunttal(pd) | Teo т [x | 


OTHER 
SOLDER JOINTS 


Sr eee Е 
не) | 1 | Reg No-Connect (обе ји) | mn | мм [wr | at | nr | x | 
Несі) — | 1 | Reo Output Enabie to botom ли | x [wr | в | x | 
[соси | 1 | соссвагповеюи — [mt | at [wr ft [ot | x | 
Г воен [т | БС ме-ботпва tobe tow пи [wr | м | м | nt | x | 
[ cocige [+ | CDC Output Enable tober [ni [x | r | в |x | 
[cocus | 2 | cncseeatoveiow — [mr | мит [м [x | 
оосу | 1 | Состою мие ие | | x 
[ зоялмнимо | 90 | SDRAM No Comec tobe iwm [wr wr | wr [wr | nr | x | 


Buf Input Е қ 


озот [12 | RegisterVowtGnD — [ne [we [we | пе | we | x | 
__срстонег [32 | сосмаоо — — [we [we | ме [ne | we | x | 
LSonAwPower | 216 | — зонам verano — mc [ne | we | ме | м | x | 
— eese pe foe ee ee pe 


amc NÉ 
Bypass Capacitors 
| Самай | 
TOTAL TOTAL 4175 
SIGNAL NODES SOLDER JOINTS 


r/c = not considered; n/f = no fault 
T noise injected onto open inputs may cause intermittent/unexpected results 
+ assuming 100% node coverage 




















Because of its construction, the module typically is subject to such manufacturing defects and consequent assembly faults. As 
the majority of defects in fine-pitch surface-mount assemblies, especially those associated with process rather than human 
error, directly affect solder joints, the analysis presented in this paper addresses that issue. Columns 1 to 5 of Table 2 enumerate 
the signal nodes, their associated solder joints, and other solder joints (those associated with Vcc/GND nodes) in the module. 
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5. Fault Models 


For faults to be modeled or simulated - for coverage and diagnostic analysis among other purposes — they must be represented 
mathematically by abstraction through a logical model. Such logical models are called fault models. They constitute a basic 
set of assumptions that represent such faults. By such abstraction, the problem of modeling physical faults is reduced to a logical 
level that can represent the effects of physical faults on the behavior of the system. The process of fault analysis is also 
simplified by converting faults across several technologies into logical fault models that are independent of process. 


A fault model used pervasively in many sorts of test and DFT analysis is the single-stuck-at model, in which a single defective 
node is presumed to behave as if it were constantly held to a static low or high level. For our analysis, this model will be extended 
to comprehend faults resulting from defects in solder joints. 


Each solder joint can be faulty, either due to an open condition or a short condition. Thus, the single-stuck-at model is modified 
to cover both cases, resulting in the fault model detailed in Table 3. 


Table 3. Defined Solder-Joint Fault Model 


NOTATION 
Solóershorthigh 







6. Test Methodologies 


Two categories of test are typically considered for manufacturing use: 


1. Dynamic functional tests: tests defined in association with a functional and/or performance fault model. These test 
for faults, such as delay faults, that are associated with the performance of the system and are intended to demonstrate 
the suitability of the finished module to its intended function. 

2. Static structural tests: tests defined in association with a structural fault model. These methods test for gross 
interconnectivity issues. In-circuit test (ICT) is an example of a static structural test method. The solder-open/short 
faults of Table 3 would be susceptible to such methods. 


While the need for dynamic functional test is taken as a given, such analysis is beyond the scope of this paper. Such testing 
may in fact be required to detect certain classes of solder-open faults, such as those associated with bypass capacitors. However, 
the capability of such testing to diagnose or even detect structural defects is generally suspect. Therefore, the remaining 
analysis will focus exclusively on structural test goals. 


7. Card-Edge Test (Module Without DFT) 


As the subject module was designed solely for the purpose of demonstrating electrical performance characteristics of abuffered 
SDRAM DIMM, it was designed without any consideration for testability. Without such DFT, observability and controllability 
are limited to the primary (card edge) input/outputs (I/Os) of the module. This implies that for faults to be detected, such faults 
must be sensitized from the card-edge inputs and propagated through the entire module to the card-edge outputs. Diagnosis 
(isolation and location) of faults poses even greater difficulties, as many faults will produce the same syndrome at the 
primary I/Os. 


The various fault syndromes resulting from modeled faults at each class of module solder joint are classified in columns 6-9 
of Table 2 and defined in Table 4. The latter table also details the number of patterns and/or read/write cycles to be applied, 
along with a brief description of algorithms and consequent diagnostic resolution. 


As shown in this analysis, many solder-joint faults produce common syndromes resulting in poor diagnostic resolution for 
structural faults when only card-edge access is provided. 
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Table 4. Card-Edge Test Fault Classification 






DIAGNOSTIC RESOLUTION 


NUMBER PATTERNS FOR DETECTION/ISOLATION; 
(ALGORITHM) 










z 
о 


СОМРОМЕМТЅ 







FAULT 
CLASS DESCRIPTION 
Б All-chip addressing fault 
Џ 


fA 
Single-chip addressing fault 
5 






2 *((N+1)w + (М+1)0 = 26w + 26r; 
(write to all-O addr and to all addr with only 1 logic-1 bit — read 
same; repeat for all-1 addr and all addr with only 1 logic-0 bit) 





- 
о 





Bank access-hold fault twb + 1rb; (СКЕ low during read burst for access hold) 


| о | All-chip access-mask fault 1wb + 1rb; (DQM high during read/write burst for data mask) 
[ m [Single-chipaccessmaskiaut| _________-_____________ 


Presence detect . 
| enable/disable fault 2; (PDE low/high) 
Identification output fault 1; (static output) 
IN/OUT fault 4; (IN low/high, OUT low/high) б 1 | 2 | 


Е 2 * 2'72(1w + 1r) = 288w + 288r; 
Dual-chip data fault (walking-1 each bank, walking-0 each bank) ae ВН 
ГЕТ |21211. 

Presence detect y : 

р Presence detect А қ 
All-chip gross access fault 1w + ir; (any valid write /read access with any addr/data) | 20 | 69 | 
Bank grossaccessfaut | CT о» | z | 
Dualchipgrossaccessfat | O | z узи 
Single-chip gross accessiaut| ______-_______________-___7 


Clock multiply fault 2*(1wb + 16); (1 wb/rb to bankO, 1 wb/rb to bank1) | 1 |1] 
Clock PLL-bypass fault 1w + 1r; (at freq. which will not result in phase-lock) | 1 [| 1 | 


8. Module DFT 





Single-chip access-hold fault 














Design-for-test techniques are generally based on providing greater access to the module under test for the purpose of 
improving the degree to which the module function can be observed and controlled. Another way of looking at DFT is that 
it seeks to partition the larger module function into smaller functions that are easier to test. Several techniques for this are in 
common use today. The two that are considered in this paper are in-circuit test (ICT) and boundary scan. 


9. in-Circuit Test 


ICT is based on providing physical access to probe as many module nodes as possible and on ad-hoc circuit techniques that 
allow internal nodes to be safely controlled (as well as observed) by an external tester. The resulting test fixture is commonly 
called a “bed of nails" (or in the case of double-sided assembly such as the subject module, a “clam shell") and the required 
tester consists of a large number of high-drive parallel test channels. 


Generally, on fine-pitch SMT assemblies such as the subject module, provision for ICT requires placement of “test points" 
on which ICT probes may land. In some cases, the vias that are anyway presentto route signals from outer layers to other layers 
may provide such test points. In other cases, vias mustbe added to bring signals to be accessed up from inner layer to outer layer. 


~ 
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Such placement of test points requires use of module “real estate” that may not be available. Generally, the finest available 
ICT probes (50-mil pitch) require test pads of 25 mils minimum width. 


While modifications to the module layout have not been specifically implemented, the module layout has been analyzed for 
placement of physical test points. The results by node are presented in column 11 of Table 2 according to the accessibility 
classes defined in Table 5. 


Table 5. In-Circuit Test Accessibility Classification 


ACCESSIBILITY 
CLASS DESCRIPTION 


Accessible from module edge 
Test points easily provided 


Test points provided with difficulty 
Test points difficult/impossible to provide 
Accessible from module edge (Vcc/GND) 





With test points provided at all internal nodes, the module is quite controllable at the IC level. Since all ICs on the module 
provide means for placing their outputs at high impedance, the tester can safely disable any ICs that are not under test. The 
only provision that would be required for this is to add pull-down resistors at register and clock driver output-enable pins versus 
the direct tie to GND that is specified for the original module. 


Based on the presumed insertion of test points at all internal nodes except those in accessibility class d (quantity 31), full 
coverage and diagnostic of solder shorts are provided. The nodes excluded are indirectly accessible via shunt or resistor, and 
so their exclusion may somewhat reduce fault diagnostic, but not coverage. In case of solder opens, the consequent fault 
syndromes resulting at each class of module solder joint are classified in column 10 of Table 2 and are defined in Table 6. The 
latter table also indicates the consequent diagnostic resolution. 


Table 6. In-Circuit Test Fault Classification 


DIAGNOSTIC RESOLUTION 

FAULT NO. 
CLASS DESCRIPTION somi enre SOLDER 
JOINTS 


в | separan | t T z | 
[в | Burer Data Рам tro acces [2 | 
[к | Gross Glock Output Fauk | 1 | 2 | 
[i | поиски [т | z | 
[is [Output Enable Fast | 
| [вме [1 [2 | 
Гм | моба [2 [3 | 
у сому [т | + | 
[ z | copias ал [1 L | 


As shown, the diagnostic resolution is remarkably improved (versus card-edge test), such that all single solder-stuck faults are 
generally diagnosable to the component and often to the pin level. Such a diagnostic provides the information necessary to 
improve process and repair failed boards for subsequent shipment. 
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10. Boundary-Scan Test 


Like ICT, boundary-scan test (BST), as standardized in IEEE Std 1149.1 (JTAG), is based on providing test access to as many 
module internal nodes as possible. Unlike ICT, boundary scan provides access by integrating digital test cells behind the pins 
of compliant ICs. Access to such boundary-scan cells for control and observation of the module is provided by a 4-wire test 
access port (TAP) at each compliant IC. Thus, the complex and expensive fixturing and automated test equipment (ATE) 
required for ICT is avoided. 


10.1 Boundary Scan at Register and Clock Driver 


Of the 31 internal nodes that are presumed to be ICT accessible, 21 are associated with the register (ALVCH162721) while 
10 are associated with the clock driver (CDC2586). Therefore, if the register and clock driver were replaced with suitably 
equivalent ICs with boundary scan, all ICT-covered nodes would be boundary-scan accessible, and thus, ICT could be 
eliminated without any consequent loss of fault coverage or diagnostic. 


Such equivalents or near equivalents to the ALVCH162721 are, or will be, available soon (such as LVTH182504A and/or 
ALVCH182504, at an estimated additional cost of $5). Unfortunately, the authors are unaware of any clock drivers available 
or planned with boundary scan. If these were available (at an estimated additional cost of $3), then boundary scan would 
displace ICT, while requiring off-edge physical access only to the four TAP signals and using much less expensive ATE - all 
at an additional component cost that is barely 1% of the total cost of module materials. 


10.2 Boundary Scan at Register Only 


Even with boundary scan available only in the register, controllability and observability of the SDRAM ICs is provided, with 
the exception of the clock signals. Observability of one output of the clock driver is also provided. Therefore, if access to the 
TEST input of the CDC2586 were provided, the low-cost boundary-scan tester could source the module CLKIN signal so that 
it would be coordinated with boundary-scan operations to perform read/write cycles to the SDRAM array. By doing so, all 
interconnects to the SDRAMs can be tested with the same fault coverage and diagnostic capability provided by ICT. Access 
to only five off-edge signals is required (four TAP signals, plus the CDC2586 TEST input). 


10.3 Boundary Scan at SDRAM ICs 


Boundary scan in the SDRAMs would greatly impact the overall controllability/observability of the module such that 
diagnostic resolution would be improved over that provided by ICT. For example, where faults of class iX’” (single-chip gross 
access fault) occur in ICT, the boundary-scan facility on the SDRAM would be able to distinguish which of seven pins on the 
device were open. 


At this time, the authors are unaware of any available or planned offerings of SDRAMs with boundary scan. However, due 
to the large ratio of die size to I/O pins of such ICs, it is estimated that the silicon overhead for providing boundary-scan should 
be less than 5%. It is hoped that memory IC vendors will realize the benefit of scan-test techniques, not only for 
board/manufacturing test, but also to access built-in test capabilities of such ICs. 


10.4 Boundary Scan at Buffer 


As it has a very simple function on the module (drive static outputs), the octal buffer is the last device to warrant consideration 
for boundary scan. Still, the additional cost (estimated at $2) required to procure equivalent buffers with boundary scan would 
be minimal. 


10.5 Boundary Scan: Beyond Manufacturing Test 


A real advantage that boundary scan holds over any other manufacturing test or DFT approach is that it is built into the ICs 
and, thus, the module, and so is available for use when ATE is not. For example, it can be used for module test during burn-in 
or under other conditions where the module is not accessible by ATE. Additionally, if appropriate system-level access to 
boundary scan is provided, it can be used for in-system test, diagnostics, configuration, programming, emulation, etc. 
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11. Comparative Study 


Several metrics have been used to grade the different structural test methodologies outlined. A tabulation of the performance 
of the various test methodologies versus these metrics is given in Table 7. 


Table 7. Comparison of Test Methodologies 


[wem [canoe | е” | est | 
m 
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SO pert 
Fmepatemsre | 1mo [шю | 20€ | 
Сите | nis | 048 | яз — 


Fault coverage is the estimated percentage of faults that will be detected. Since the subject module is fairly simple structurally, 
it is expected that all test methods will obtain a high level of coverage. 






Fault-diagnostic capability is expressed as a weighted average of resolution in terms of solder joints. Excellent results from 
ICT and BST are typical, while the result for card-edge test belies the simple function of this module. 


Vector development effort is measured in terms of the estimated number of person-hours required to complete the test set. 
Boundary-scan test development is highly automated, while ICT is somewhat less so. On the other hand, card-edge test 
development tends to be manual. 


Test-pattern size is expressed in bits. With full BST, the vector setis on the order of log? (number of module nodes). ICT vector 
sets will be somewhat longer, while card-edge vector sets can be very lengthy, in order to obtain desired fault coverage and 
diagnostic resolution. 


Test time is a factor of the number of vectors and the vector application time. BST uses a low vector bit rate, but due to the 
small number of vectors, performs quite adequately. ICT and card-edge testers can use much higher vector bit rates. 


Tester cost is estimated and is a function of performance (vector bit rate), number of test channels, etc. The small number of 
channels required for BST and modest performance requirements result in very inexpensive test systems. 


12. Conclusion 


Considering the metrics and discussion provided in the prior section, boundary-scan test is clearly a winning manufacturing 
test strategy, even for a module of modest functional complexity. Add to this the ability to reuse boundary scan during burn-in, 
and more importantly in fielded systems, and a small investment in additional component cost for boundary scan will reap 
dividends many times over throughout the product's life cycle. | 
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Abstract 


This paper presents a novel circuit and protocol that 
сап be used in system backplanes to provide а 
connection method between backplane and board 
level IEEE 1149.1 serial buses. While the basic 
objective of this approach is to provide a simple 
1149.1 backplane to board connection method, it can 
be expanded to include other features, some of which 
are similar to those being developed in the IEEE 
P1149.5 and P1394 backplane serial bus standards. 


1.0 Introduction 


The concept of a simple, cost-effective serial bus 
protocol providing linkage between 1149.1 board and 

ackplane environments has been developed. This 
serial bus protocol operates on the backplane, usin 
the signal wires defined in 1149.1, to address an 
select one of the boards in a backplane. Once 
selected, the board can be communicated to using 
the standard 1149.1 bus protocol. In general, the 
technique described in this paper can be applied to 
any type of bus. However, in this paper it is 
described as a feature added to the IEEE/ANSI 
1149.1 standard serial bus designed for boundary 
scan testing of ICs at the board level (1). The author 
assumes the reader has a basic understanding of the 
1149.1 standard. 


The approach described in this paper is based on a 
unique protocol. This protocol can be embedded in 
existing serial bus protocols and invoked, during 
times when the buses are in an idle or non- 
operational state, to address and select a slave 
device for access by a serial bus master. After the 
protocol has been used to connect a serial bus slave 
up to a serial bus master, it relinquishes control of 
the bus, and allows the bus to revert back to its 
normal mode of operation. One of the advantages of 
this approach is that it does not require modifying 
the protocol of the serial bus it is used with. 
Therefore, upgrading a preferred or existing serial 
bus to include the connection method provided by 
the protocol can be less costly and time consuming 
than a complete redesign approach. 


The term "serial bus slave" used in this paper 
represents any logic module capable of being 
interfaced to and controlled by a serial bus master. 
While this papers describes serial bus slaves as 
being boards in a backplane, they could also be: 
sub-circuits in an IC, ICs on a multi-chip module, 
ICs on a board, backplanes in a subsystem, or 
subsystems in a system. The term “serial bus 
master” used in this paper represents any logic 


module capable of interfacing to and controling а 
serial bus slave. While this paper will illustrate the 
serial bus master as existing on the backplane 
wiring, it actually exists either in a Басра oard 
or as an external tester connected to the backplane. 


2.0 Background 


As the use of 1149.1 continues to grow, more 
interest is being focused on how to access 1149.1 
board enigme in a backplane environment. Several 
methods of accessing 1149.1 boards in a backplane 
environment have been proposed. The following is a 
brief description of each of these methods. 


2.1 Using 1149.1 at the Backplane Level 


The 1149.1 standard describes a 4-wire serial bus 
that can be used to transmit serial data between a 
serial bus master and slave device. The 1149.1 bus 
consists of a test mode select (TMS) signal, а test 
clock (TCK) signal, a test data output O) signal 
and a test data input (TDI) signa . The TMS an 
TCK signals are output from the master and input 
to the slave. The TDO output from the master is 
input to the TDI input of the slave, and the TDO 
output from the slave is input to the TDI input of 
the master. During serial access, the master 
outputs control on TMS and clock on TCK to allow 
serial data to be transferred between the master and 
slave, via the TDO and TDI bus connections. 


While 1149.1 was developed to serially access ICs on 
a board, it can be used at the backplane level to 
serially access boards.. 1149.1 has two serial access 
configurations, referred to as “ring” and “star”, that 
can be used at the backplane level. The following 
describes both configurations and identifies 
vobler with each when used at the backplane 
evel. 


2.1.1 1149.1 Backplane Ring Configuration 


In a backplane 1149.1 ring configuration, all boards 
directly receive the TCK and TMS control outputs 
from a primary serial bus master (PSBM) and are 
daisy chained between the PSBM's TDO output and 
TDI input. During scan operation, the PSBM 
outputs control on TMS and TCK to scan data 
through all boards in the backplane, via its TDO and 
TDI bus connections. The problem associated with 
the ring configuration, is that the scan operation 
only works if all the boards are included in the 
backplane and are operable to scan data from their 
TDI input to TDO output. If one of the boards is 
removed or has a fault, the PSBM will be unable to 
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scan data through the backplane. Since the ring 
configuration does not allow access to remaining 
boards when one is removed or disabled, it does not 
fully meet the needs of a backplane serial bus. 


2.1.2 1149.1 Backplane Star Configuration 


In a backplane 1149.1 star configuration, all boards 
directly receive the TCK and TDI signals from the 
PSBM and output a TDO signal to the PSBM. Also 
each board receives a unique TMS signal from the 
PSBM. In the star configuration only one board is 
enabled at a time to be serially accessed by the 
PSBM. When a board is enabled, the TMS signal 
associated with that board will be active while all 
other S signals are inactive. The problem with 
the star configuration is that each board requires its 
own TMS signal. Ina кре with 50 boards, the 
PSBM would have to have 50 individually 
controllable TMS signals, and the A аде would 
have to have traces for each of the 50 TMS signals. 
Due to these requirements, star configurations are 
typically not considered for backplane applications. 


2.2 Interfacing 1149.1 to other IEEE Buses 


Two IEEE serial bus standards, P1149.5 and P1394, 
are in development for use in system backplanes. 
Since these standards are being specifically designed 
for backplane applications, they overcome the 
problems stated using 1149.1 as a backplane bus. 

owever, the protocols of these anticipated 
standards are different from the 1149.1 protocol and 
therefore methods must be defined to translate 
between them and 1149.1. The following sections 
describe each backplane bus and identify problems 
with each when used to interface into 1149.1 board 
environments. 


2.2.1 Interfacing P1149.5 to 1149.1 


The Р1149.6 standard working group is defining a 
module test and maintenance bus that can be used 
in system backplane environments [2,3]. P1149.6 is 
a single master/multiple slave bus defined by a 5- 
wire interface, Two of the wires are used for 
transferring serial data between the bus master and 
slave devices, one wire is used as a clock, one wire is 
used to control the operation of the bus, and one 
wire is used as a pause request from a slave to the 
master. The P1149.5 bus master initiates a data 
transfer operation by transmitting a data packet to 
all slave devices. e data packet consists of an 
address and command section. The slave device 
with a matching address is enabled to respond to the 
command section of the data packet as described in 
the P1149.5 standard proposal. | 


While the P1149.5 is a (рес data transfer type 
backplane bus for high-end commercial and military 
systems, its capabilities may exceed the 
requirements of some middle and low-end 
commercial systems that don’t require or support its 
command set. Interfacing P1149.5 into an 1149.1 
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environment can be done but the system hardware 
and software designers must have an understanding 
of both bus types. One of the problems, therefore, in 
using P1149.5 to only interface into an 1149.1 
environment, is that it adds an unnecessary 


. eomplication to an otherwise simple serial access 


approach. Another problem is that the bandwidth of 
the 1149.1 serial data transfer may be adversely 
affected by the P1149.5 to 1149.1 protocol conversion 
process. 


2.2.2 Interfacing P1394 to 1149.1 


The P1394 standard working group is defining a 2- 
wire high-speed serial bus that can be used in either 
a cable or system backplane environment (4). The 
P1394 standard, unlike P1149.5, is not a single 
master/multiple slave type bus. In P1394, all 
devices (nodes) connected to the bus are considered | 
to be of equal mastership. Control of the bus is 
achieved by one node winning an arbitration contest 
with the other nodes in the network. Once a node 
wins control of the bus, it can transfer data to or 
from any other node in the network. The fact that 
P1394 can operate on a 2-wire interface makes this 
bus attractive in newer 32-bit backplane standards 
where only two wires are reserved for serial 
communication [5,6,7,8]. However, there are 
problems in using P1394 as a backplane test bus to 
access 1149.1 board environments. 


The first problem is that P1394 is significantly more 
complex in operation than 1149.1, thus devices 
designed to translate between P1394 and 1149.1 
may be costly. The second problem is that P1394 is 
not a full time test bus, but rather it is a general 
purpose serial communication bus. Its primary 
purpose in a backplane environment is to act as a 

ckup interface in the event the parallel interface 
between boards becomes disabled. ile 1149.1 test 
access can be achieved via P1394, it will be available 
only during time slices when the bus is not handling 
functional operations. Thus.on-line 1149.1 test 
access will be limited and must be coordinated with 
other transactions occurring on the P1394 bus. 


2.3 Extending 1149.1 for Backplane Usage 


Another method of achieving a backplane to board 
level interface is to extend the protocol defined in 
the 1149.1 standard. Such an approach has been 
described in a paper presented at the 1991 
International Test Conference by D. Bhavsar [9]. 
While the approach described in the paper has the 
same basic goal in mind as the one presented in this 
paper, they are fundamentally different in the 
method used to achieve the goal. 


The Bhavsar paper describes a method of extending 
the protocol of 1149.1 to where it can be used to 
access an interface circuit residing between the 
backplane and board level 1149.1 buses. The 
interface circuit responds to 1149.1 protocol 
transmitted over the backplane bus to load an 


address. If the address matches the address of the 
interface circuit, the interface circuit is connected to 
the backplane. After the interface circuit is 
connected to the backplane, additional 1149.1 
protocol is input to the interface circuit to connect 
the backplane and board level 1149.1 buses. 
Following this connection procedure, the board level 
1149.1 bus can be controlled by the backplane 
1149.1 bus. While Bhavsar’s approach is an 
interesting one, it has one problem that limits its 
effectiveness as a generel purpose 1149.1 backplane 
to board interfacing method. 


The problem is that the approach does not allow for 
selecting one board, then selecting another board 
without first resetting the backplane and board level 
1149.1 buses, transitioning them into their test 
logic reset (TLRST) state. Entering the TLRST 
state causes test conditions setup in the ICs of a 
previously selected board to be lost due to the test 
reset action of the 1149.1 bus on the test access 
ports (TAPs) of the ICs. 


For example, if the interconnects between two 
boards are to be tested, it is necessary to select and 
setup one of the boards to output a test pattern, 
then select the other board to receive the test 
pattern. With the described approach, the only way 
to select the second board, after the first board has 
been selected and setup, is to place the backplane 
serial bus in its TLRST state. The action of placing 
the backplane 1149.1 bus in it TLRST state clears 
out the test pattern setup in the first selected board, 
so the second selected board cannot receive the 
intended test pattern. 


In another example, it may be desirable to select 
and initiate self-tests in a selected group of 
backplane boards. However, since the approach 
requires resetting the 1149.1 bus each time a new 
board is selected, it is impossible to self-test more 
than one board at a time, because resetting the bus 
aborts any previously initiated self-test. 


3.0 A New Backplane Access Approach 


The backplane access approach described in this 
paper provides a method of using the 1149.1 bus at 
the backplane level without incurring the problems 
prend described. Using this approach, it is 
envisioned that one homogeneous serial bus may be 
used throughout a system design, rather than 
translating between шиир serial bus types. 
EDIDI oe а common serial bus in system designs 
can simplify software and hardware engineering 
efforts, since only an understanding of one bus type 
is required. 


A circuit, called an addressable shadow port (ASP), 
and a pronaos called a shadow protocol, have been 
defined to provide a simple method of directly 
connecting 1149.1 backplane and board buses 
together. When the 1149.1 backplane bus is in 
either its run test/idle (RT/IDLE) or TLRST state, 


the ASP can be enabled, via the shadow protocol, to 
connect a target board's 1149.1 bus up to the 
backplane 1149.1 bus. After the shadow protocol 
has been used to connect the target board and 
backplane buses together, it is disabled and becomes 
transparent to the operation of the 1149.1 bus 
protocol. 


A board example using the ASP is shown in Figure 
1. The board consists of multiple ICs and an ÁSP. 
The ICs operate, when connected to the 1149.1 
backplane bus, via the ASP, as described in the 
1149.1 standard. The ASP has a primary port for 
connection to the backplane 1149.1 bus, a secondary 
port for connection to the board 1149.1 bus, and an 
address input. The Пагу port signals are labeled; 
PTDI, PTDO, PTCK, an MS. The secondary 
port signals are labeled; STDI, STDO, STCK, and 
TMS. The address input to the ASP is a bina 
value used to identify the board on which the AS 
mounted. 





FIGURE 1 Board Using ASP Circuit 


In Figure 2, multiple. boards, similar the one in 
igure 1, are shown interfaced to a PSBM via ASPs. 
en one of the boards needs to be accessed, the 
PSBM transmits a selection shadow protocol, called 
a select protocol, to address and enable the ASP of 
the selected board. The PSBM transmits the select 
protocol while the backplane 1149.1 bus is in either 
the RT/IDLE or TLRST state. The select protocol 
contains an address that is used to match against 
the address input to the ASP. All ASPs receive the 
select protocol, but only the one with the matching 
address is selected. 


In response to the select protocol, the selected ASP 
transmits an acknowledgement shadow protocol, 
called an acknowledge protocol, to the PSBM to 
verify reception of the select protocol. The 
peonia protocol contains the address of the 
selected ASP to allow the PSBM to verify the correct 
ASP was selected. After transmitting the 
кше protocol, the selected ASP makes a 
connection between its primary and secondary ports. 
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In response to the acknowledge protocol, the PSBM 
communicates to the selected board using the 1149.1 
bus protocol. If the PSBM does not receive an 
acknowledge protocol, it assumes the board has been 
removed or 15 disabled and will not attempt to 
communicate to it using the 1149.1 protocol. 





FIGURE 2 Backplane ASP Connections 


After the PSBM completes its 1149.1 access of the 
currently selected board, it can output a new select 
protocol to select another board’s ASP. In response 
to the new select protocol, the newly selected ASP 
transmits an acknowledge protocol back to the 
PSBM, then connects its primary and secondar 
ports. Also in response to the new select protocol, 
the previously selected ASP breaks the connection 
between its primary and secondary ports. The 
disconnecting ASP remains in the state the 
backplane 1149.1 bus was in when the disconnect 
occurs, i.e. the 1149.1 RT/IDLE or TLRST state. 
The ability to disconnect and leave a board level 
1149.1 bus in the RT/IDLE state is very important 
since it allows leaving a board in a test mode while 
other boards are being selected and accessed. 


A key objective in developing this backplane access 
approach was designing the select and acknowled 
protocols so that they could be transmitted, via the 
4-wire 1149.1 bus, without infringing upon the 
1149.1 bus protocol. This objective was met b 
specifying that the select and acknowledge protocols 
could not use the 1149.1 TMS signal, and that the 

rotocols could only be transmitted while the 1149.1 

us is idle in its RT/IDLE state or reset in its 
TLRST state. 


In the RT/IDLE and TLRST states, ТОО and TDI 
are disabled and pulled high (via pull-ups on TDI), 
TCK free runs, and TMS is held at either a logic 
zero or one state. While the 1149.1 bus is in one of 
these two states, the PSBM can output the select 
protocol from the PSBM's TDO output to the PTDI 
inputs of the ASPs, and receive the acknowledge 
protocol from the selected ASP's PTDO output on 
the PSBM's TDI input. Since the 1149.1 bus is 
inactive, the transmission of the select and 
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acknowledge protocols is transparent to the 1149.1 
bus, and does not infringe upon its protocol. 


3.1 Design of Select/Acknowledge Protocols 


To transmit the select and воле сие protocols 
without using the TMS control трав , 8 bit-pair 
signaling method was designed to allow control and 
data to be transmitted together on a single wiring 
channel. During select protocols, the bit-pair 
signaling method allows the PSBM to transmit 
control and data from its TDO output to the ASP's 
PTDI input. During acknowledge protocols, the bit- 
pair signaling method allows the selected ASP to 
transmit control and data from its PTDO output to 
the PSBM's TDI input. Both protocols include 
control to indicate: an idle condition, a start data 
transfer condition, and a stop data transfer 
condition. In addition, both protocols include a 
method of transmitting data during the interval 
between the start and stop data transfer conditions. 


The bit-pair signals are output from the 
transmitting device (PSBM or ASP) on the falling 
edge of the TCK and input to the receiving device 
(PSBM or ASP) on the rising edge of the TCK. Since 
this timing is consistent with 1149.1 timing, 
upgrading a PSBM to support this approach is 
simply a matter of forcing the TMS output to hold . 
its present state (“0” for RT/IDLE and “1” for 

LRST) while using normal 1149.1 scan operations 
to transmit and receive the select and acknowledge 
protocols. The simplicity of this approach makes it 
an attractive addition to the 1149.1 test bus. The 
bit-pair signals used in the select and acknowledge 
protocols are defined in the following list. 


Ми. Bit-Poic -an encoded control signal (I) identi by 
the transfer of two successive logic one bits from a 
transmitter to a receiver. 


it-Pair – an encoded control signal (S) identified by 
the tranafer of two successive logic zero bits from a 
transmitter to a receiver. 


ir - an encoded logic one signal (D) 
identi transfer of a logic zero bit fo a 
logic one bit from a transmitter to a receiver. 


1 it-Pair – an encoded logic zero signal (D) 
identi, the transfer of a logic one bit followed by a 
logic zero bit from a transmitter to a receiver. 


3.2 Framing of Select/Acknowledge Protocols 


A diagram of the select and acknowledge protocols 
being transmitted while the 1149.1 bus is in its 
RT/IDLE state is shown in Figure 3. The T signals 
shown in the protocol sequence indicate when the 
TDO to PTDI and PTDO to TDI wiring channels are 
tristate and pulled high. The first sequence framed 
between the first and second I signals is the select 
росе output from the PSBM to the ASP (TDO to 
DI). The second sequence framed between the 
first and second I signals is the acknowledge 
protocol output from the selected ASP to the PSB 


(PTDO to TDI). The select protocol always precedes 
the acknowledge protocol as shown in the diagram. 


ТЖО юРТІЯ TISD..DSITTT..TTTT 
РТОО ю ТО! TTTT..TTTISO..DSIT 
1149.1 Bus [3 Idle 


Acknowledge Protocol Starts 
Acknowiedge Protocol Stops 
1149.1 Bus can be activated 


Select Protocol Starts 
Select Protocol Stops 


FIGURE 3 Select and Acknowledge Protocols 


The I signal at the beginning of each protocol is 
designed to be indistinguishable from the preceding 
T signals. This avoids unintentional entry into a 
select or acknowledge protocol when the 1149.1 bus 
enters the RT/IDLE state after a scan operation. 
However, the I signal at the end of each protocol is 
басда to be distinguishable from the preceding 5 
and D signals so that it can be used to terminate the 
protocol. Inside each protocol, first and second S 
signals are used to frame the address which is 
defined by a series of D signals. The logic zero and 
one D signals are реді ливада so that Ше binary 
address can be recovered. 


33 ASP Circuit Description 


A circuit example of the ASP is shown in Figure 4. 
The ASP consists of а receiver circuit (ВОВ), а 
transmitter circuit (XMT), a slave control circuit, 
multiplexers (MX1 and MX2), a power up reset 
circuit (PRST), and a reset address (RSTA). The 
primary port signals (PTDI, PTMS, PTCK, PTDO) 
connect to the backplane level 1149.1 bus. The 
secondary port signals (STDO, STMS, STCK, STDI) 
connect to the board level 1149.1 bus. The address 
input bus receives the board address. 


3.3.1 ASP Receiver Circuit 


Tho rocoivor circuit consists of a controller and a 
serial input/parallel output (SIPO) register. The 
PTDI signal from the PSBM is input to the 
receiver's SIPO register to supply the serial address 
during select protocols, and input to the receiver's 
controller to regulate the receiver during select 

rotocols. The parallel address output from the 

IPO is input to the slave control circuit via the 
address input (AI) bus. The status output from the 
receiver is input to the slave controller circuit to 
indicate when a select protocol has started, when 
the address is ready to read, and when the select 
protocol has completed. The control bus input to the 
receiver from the slave control circuit enables the 
receiver to respond to a select protocol input. The 


receiver is only enabled when the backplane 1149.1 
bus is in the RT/IDLE or TLRST state. 


The receiver's controller determines when a first “I- 
S-D" signal sequence occurs on PTDI, indicating the 
start of a select protocol and address input. In 
гер to this input sequence, the controller 
enables the SIPO to receive the serial address input 
on PTDI. The controller determines when a first 
*D-S-I" signal sequence occurs on PTDI, indicating 
the end of the address input and select protocol. In 
response to this input sequence, the controller 
signals the slave control circuit, via the status bus, 
to read the address, then terminates the select 
protocol input operation. 





FIGURE 4 ASP Circuit Example 


3.3.2 ASP Transmitter Circuit 


The transmitter circuit consists of a controller and a 
parallel input/serial output (PISO) register. The 
transmitter's PISO register receives parallel data 
from the slave control circuit via the address output 
(AO) bus, and outputs the address serially to the 
PTDO output via the acknowledge protocol output 
(APO) signal and MX1. The transmitter's controller 
receives control input from the slave control circuit 
via the control bus, and outputs status to the slave 
control circuit via the status bus. The control input 
regulates the parallel to serial conversion process 
that takes pisce during the acknowledge protocol. 
The control input only enables the transmitter to 
output an acknowiedia rotocol when the backplane 
1149.1 bus is in the RT/IDLE or TLRST state. The 
status output informs the slave control circuit of the 
transmitters status, i.e. whether the acknowledge 
protocol is in progress or complete. 


At the beginning of an acknowledge protocol, the 
slave control circuit enables MX1 and the 3-state 
buffer (3SB) to pass the APO signal from the 
transmitter to the PTDO output. The slave control 
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circuit then inputs the board address to the 
transmitter via the AO bus. In response to the 
address input, the transmitter outputs an I and S 
signal on PTDO to start the acknowledge protocol, 
then transmits the address on PTDO. After the 
address is shifted out, the transmitter circuit 
outputs an S and I signal sequence to stop the 
acknowledge protocol. 


3.3.3 ASP Slave Control Circuit 


The slave control circuit regulates the operation of 
the transmitter, receiver, and multiplexers durin 
select and acknowledge protocols. The slave contro 
circuit is clocked by the PTCK input from the 
primary port. The S input from the primary 
port indicates to the slave control circuit when the 
1149.1 bus is busy, idle or reset. While the 
backplane bus is idle (RT/IDLE) or reset (TLRST) 
the slave control circuit enables the transmitter and 
receiver circuits. The status buses from the receiver 
and transmitter circuits are used to input status to 
the slave control circuit. The bus from the 
receiver inputs the address received curing select 
protocols. e AO bus from the slave control circuit 
outputs the board address to the transmitter during 
acknowledge protocols. The address input from the 
reset address (RSTA) allows resetting the ASP in 
response to a reset address input during a select 
prorocol The input from the power up reset circuit 
PRST) allows resetting the ASP at power up. 


During select protocols; the slave control circuit 
receives parallel address input from the receiver via 
the AI bus. The slave control circuit compares the 
received address against the board address. If the 
addresses match, the ASP responds by outputting 
an acknowledge protocol. 


During the acknowledge protocol, the slave control 
circuit outputs control to the transmitter to load the 
board address and initiate the acknowledge protocol. 
After the acknowledge protocol has been 
transmitted, the slave control circuit outputs control 
to connect the primary and secondary ports. 


34 Resetting the ASP 


When power is first applied to the ASP, the slave 
control circuit is reset by input from the power-up 
reset circuit (PRST). en reset, the transmitter 
and receiver circuits are initialized and the primary 
and secondary ports are disconnected by disablin 
the STDO an O outputs and setting the STM 
output high. The STCK output always outputs the 
PTCK input If desired, a reset input could be used 
to reset the ASP as well. 


The ASP can also be reset by inputting a select 
protocol with an address that matches the reset 
address (RSTA) inside the ASP. If the address input 
matches the reset address, the ASP is reset to the 
same state as described in the power-up reset. The 
reset address is the same for all ASPs so that a 
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global reset of all ASPs can be achieved by the 
transmission of a single select protocol containing 
the reset address. The reset address is unique from 
the board addresses. A preferred value for the reset 
address is zero, since board addressing will usually 
start with an address of one. An acknowledge 

rotocol is not transmitted after a reset address has 
been received, to avoid contention on the PTDO 
outputs of multiple ASPs. 


8.5 Disconnecting a Selected ASP 


When 1149.1 access to another board is required. a 
new select protocol is issued from the PSBM. When 
the previously selected ASP receives the new select 
ріс! its primary and secondary ports аге 

isconnected. If the new select protocol was issued 
while the backplane 1149.1 bus was in its RT/IDLE 
state (PTMS=0), MX2 of the disconnecting ASP 
outputs a logic zero on STMS, to force the board 
level 1149.1 bus to remain in the RT/IDLE state. If 
the new select protocol was issued while the 
backplane 1149.1 bus was in its TLRST state 
( S=1), MX2 of the disconnecting ASP outputs a 
logic one on STMS, to force the board level 1149.1 
bus to remain in the TLRST state. Once again, the 
ability to maintain the RT/IDLE state on a 
disconnected board is very important because it 
allows tests to be setup and executed on more than 
one board at a time. 


9.8 Advantages in Using ASPs 


When comparing the described 1149.1 star 
configuration against the ASP configuration of 
Figure 2, it is clear that the ASP approach 
eliminates the need for additional TMS signals 
required by the star configuration. Thus the ASP 

rovides a method of overcoming the problem stated 
for the 1149.1 star configuration. 


Also, when comparing the use of different backplane 
buses to interface into 1149.1 board environments vs ` 
using the ASP, it is clear that the ASP does not 
require use of sophisticated, and bandwidth 
reducing translation circuitry. Thus the ASP 
provides a method of overcoming the problems 
related with using different backplane buses to 
access 1149.1 board environments. 


Further, since the select and acknowledge protocols 
can be transmitted while the 1149.1 bus is in either 
the RT/IDLE or TLRST states, the board being 
disconnected can be left in either an idle or reset 
state. Thus the ASP provides a method of 
overcoming the forced-reset-on-disconnect problem 
associated with the approach described by Bhavsar. 


4.0 Commandable ASPs 


In small backplanes, a single centralized PSBM may 
be all that is necessary to serially access boards for 
test and maintenance operations. However, as the 
number and complexity of boards in a backplane 


grows, the serial access task increases to where a memory. If жашге, additional ИО ports may bo 

single centralized PSBM cannot handle the task in a added to the CASP to provide parallel interfaces to 

timely manner. Anticipating the need for other memories or I/O devicos. 

distributed test control, the ASP can be expanded to 

include a connoction method and command set to 41 Expanded Select Protocol 

enable board resident remote SBMs (RSBM) to 

autonomously test boards. To allow commands to be input to the CASP, the 

select protocol is expanded to allow for command 

The addition of a command set, enables the ASP to transfer. In the ASP, a select protocol was defined 

perform other features in addition to its basic by the transfer of a first I signal to start the select 
ackplane to board connection function. Some of the rotocol, followed by the transfer of an address 

commandable foaturos ‘include; (1) а method of e (of D signals) bounded by first and second S 

connecting RSBMs to the board level 1149.1 bus, (2) signals, рмей Dy a second | signal to stop the 

a method of commanding RSBMs to independently select protocol. e select protocol of the CASP 

test boards, (3) a method of non-intrusively follows this format but expands the definition of the 

monitoring the status of a remote test operation, address frame into what is referred to as a message 

and (4) a method of transferring data between a frame. 

board resident memory and PSBM. The ASP's data 

transfer method achieves the same goal as the data The select protocol message frame consists of a 

transfer methods used in the P1149.5 and P1394 header containing an address (ADD) and command 

standard proposals. These commandable features (CMD) field, und a cyclic redundancy check (CRC) 

further improve the ASPs ability to serve, in field. The address field selects the CASP, the 


combination with 1149.1, as a system backplane test command field commands the CASP, and the CRC 
bus. field is used for error detection. All ficlds within the 
message frame are separated by an S signal The 
message frame may include optional fields between 
the header and the CRC field, as required by the 
command being sent. While the framing mothod 
allows fields to be transferred in either a fixed or 
variable D signal length, a fixed length fiald is 
preferred because it simplifies mamory 
packing/unpacking operations, and improves error 
detection using simple signal counting techniques. 


In Figure 6, examples of the two types of CASP 
select protocols are shown. е 1 has a RE 
frame containing the headers ADD and CMD fields, 
and the CRC field. Type 2 has a message frame 
containing the header's ADD and CMD fields, 
optional fields (OF) 1-N, and the CRC field. 


Тува 1 Scioct Protocol 
s3299 Framo 
eee —| 
115 АБО] SjC MD| 5 | СНС | 511 | 





FIGURE 5 CASP Circuit Application 


. я 2502 Type 2 Selact Protocol 
In Figure 5, a board is shown consisting of Моззадо Fremo 
пале а tee ла commended le ASP (C Р, Е-е“ — | 
executing local test programs, a memory for storage || LISIACOISICHGISIGFTTSICFNIS[CECTSTI] 
executing local test programs, a memory for storage -UsIAporsicwoistoetiSjoewis] CRCI ВИ | 
of test programs and data, an interru t port, апдап 
1149.1 master interface port. The RSBM's processor 
and memory can either be dedicated for test or FIGURE 6 Expanded Select Protocols 
shared with the system logic on the board. The 
CASP consists of an 1149.1 primary pert (PP) for In reponse to receiving either select protocol type (1 
interfacing to the backplane PSBM, an 1149.1 or 2) from the PSBM, the CASP checks its address 
secondary port (SP) for interfacing to the functional against the received address field. If the addresses 
ICs, an 1149.1 remote port (RP) for interfacing to do not match, the CASP ignores the remainder of 
the RSBM's master Pede an interrupt port the select protocol and does not send an 
(IP) for interfacing to the RSBM's пар porn acknowledge protocol. If the addresses match, the 
and ап ГО port (IOP) for interfacing to the Ма CASP checks the command field against a set of 
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known commands to see what Speration is to be 
performed. In response to an unknown command, 
the CASP ignores the remainder of the select 
protocol, sets a command error bit in its status 
register, then sends an appropriate acknowledge 
protocol type (1 or 2) to the PSBM, to indicate the 
command error. In response to a known command, 
the CASP receives the remainder of the select 
protocol, then matches the received CRC field 
against a CRC it calculates on the data received in 
the select protocol. If the CRCs do not match, the 
CASP ignores the command, sets a CRC error bit in 
its status register, then sends an appropriate 
acknowledge protocol type to the PSBM, to indicate 
the CRC error. If the CRCs match, the CASP sends 
an appropriate acknowledge protocol type to the 
PSBM, to indicate that an error-free select protocol 
was received. 


4.2 Expanded Acknowledge Protocol 


To allow the PSBM to verify that the command 
input to the CASP was received correctly, the 
ac сеща рине is expanded to allow for status 
transfer. In the ASP, the acknowledge protocol was 
defined by the transfer of a first I signal to start the 
acknowledge protocol, followed by the transfer of an 
address frame bounded by first and second S signals, 
followed by a second I signal to stop the 
acknowledge protocol. The acknowledge protocol of 
the CASP follows this format but expands the 
наш of the address frame into a message 
me. 


The acknowledge protocol message frame consists of 
a header containing an address (ADD) and status 
(STS) field, and a CRC field. The address field 
identifies the CASP, the status field informs the 
PSBM of the CASP status, and the CRC field is used 
for error detection. All fields within the message 
frame are separated by an S signal. The messa 
frame within the acknowledge protocol may include 
optional data fields between the header and the 

field, if required by the command sent in the 
previous select protocol. 


Type M rosado i ааа 
F 
| [Header = i 
|115 jAoD[S] STSIS[ сяс| 51 | 


Type 2 Acknowledge Protocol 
| Me | 
Е Header: ssage —1 


LIIS[ADO}S| STSISIOF1 | SJOFNISI свс| 1 | 





FIGURE 7 Expanded Acknowledge Protocols 


In Figure 7, examples of the two types of CASP 
acknowledge protocols are shown. Type 1 has a 
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message frame containing the header’s ADD and 
STS fields, and the CRC field. e 2 has a messa 
frame containing the header’s ADD and STS fields, 
optional fields (OF) 1-N, and the CRC field. 


In response to receiving either acknowledge protocol 

e (1 or 2) from the CASP, the PSBM checks that 

e correct address field was received, then checks 
the status field for errors. After checking the 
address and status fields, the PSBM receives the 
remainder of the acknowledge protocol. At the end 
of the acknowledge protocol, the PSBM matches the 
received CRC field pun a CRC it calculates on 
the received data. the correct address field was 
received, the status field indicates no errors, and the 
CRCs match, the PSBM is assured that the CASP 
has properly received and executed the command 
sent in the previous select protocol. If a failure 
occurred in the address or status field test, the 
PSBM knows that the CASP did not properly receive 
the previous command select protocol. If the 
address and status fields test passed, but a CRC 
error occurred, the PSBM knows that an error in the 
optional data fields following the header fields 
occurred. In response to an acknowledge protocol 
error, the PSBM can resend the command via 
another select protocol. 


4.3 Pausing During a Protocol Transfer 


During the transmission of a Type 2 select or 
acknowledge protocol it may be necessary to pause 
the transfer of fields within the message frame, due 
to memory limitations of the PSBM and/or CASP. 
For example, if a large number of optional fields is 
being sent, the transmitting or receiving device may 
not have sufficient memory to allow all the message 
frame fields to be transferred at one time. It 1s 
necessary, therefore, to provide a method of pawing 
the transfer of message frame fields so that the 
memories of the transmitter and receiver can be 
periodically downloaded from or uploaded to a larger 
memory, such as a disk drive. . 


A pausing capability can be easily realized by 
having the transmitting device (PSBM or CASP) 
output additional S signals following the S signal 
that separates the fields. Using this approach, 
ausing can occur between any two field frames. 
he length of the pause is determined by the 
number of additional S signals output from the 
transmitter. The transferring of fields within the 
message frame is resumed when the transmitting 
device outputs a D signal to start the next field. 


44 CASP Command Set 


The following commands form the basic CASP 
command set. Some of the commands support 
connecting the CASP’s secondary port up to either 
the primary or remote port, while other commands 
support data transfer operations between a PSBM 
and a board resident memory, via the CASP’s I/O 
port. Other commands can be added as required. 


4.4.1 Connect PSBM Command 


When the PSBM needs to access the board ICs, it 
sends a connect PSBM command to the CASP via a 
type 1 select protocol. In response to the connect 
PSBM command, the CASP sets the "PSBM 
connected" status bit, sends a reply to the PSBM 
using a type 1 acknowledge protocol, then connects 
its primary and secondary ports. 


After receiving the acknowledge protocol from the 
CASP and venn the “PSBM connected” status 
bit is set, the PSBM can access the board ICs usin 
the 1149.1 bus protocol After the connect PSB 
command has been input to the CASP, other 
commands that do not effect the connection between 
the primary and secondary ports, such as the read 
and write commands, can be input to and executed 
by the CASP. 


4.4.2 Disconnect PSBM Command 


When the PSBM completes its access of the board 
ICs, it sends a disconnect PSBM command to the 
CASP via a type 1 select protocol. In response to the 
disconnect PSBM command, the CASP resets the 
“PSBM connected” status bit, sends a reply to the 
PSBM using a type 1 p genus. i protocol, then 
disconnects its primary and secondary ports. After 
receiving the acknowledge protocol from the CASP, 
the PSBM verifies the “PSBM disconnected” status 
bit has been reset. 


4.4.3 Connect RSBM Command 


When the PSBM requires the RSBM to access the 
board ICs, it sends a connect RSBM command to the 
CASP via a type 1 select protocol. In response to the 
connect RSBM command, the CASP sets the “RSBM 
connected” status bit, sends a reply to the PSBM 
using a type 1 acknowledge protocol, then connects 
its remote and secondary ports. After receiving the 
acknowledge protocol from the CASP, the PSBM 
verifies the BM connected” status bit is set. 


After the connect RSBM command has been input to 
the CASP, other commands that do not effect the 
connection between the remote and secondary ports, 
such as the read and write commands, can be input 
to and executed by the CASP. For example, the 
PSBM can send a command to the RSBM, via the 
CASP’s I/O port, to initiate the remote access 
operation using a write command. Further, the 
PSBM can monitor the status of the remote access 
operation, via the CASP's ИО port, using a read 
command. 


44.4 Disconnect RSBM Command 


When the PSBM determines that the remote access 
of the board ICs is complete, it sends a disconnect 
RSBM command to the CASP via a type 1 select 
protocol. In response to the disconnect RSBM 
command, the CASP resets the “RSBM connected” 


status bit, sends a reply to the PSBM using a type 1 
acknowledge protocol, then disconnects its remote 
and.secondary ports. After receiving the 
acknowledge protocol from the CASP, the PSBM 
verifies the “RSBM Connected” status bit has been 
reset. 


4.4.5 Write Command 


When data is to be transferred from the PSBM to a 
memory via the CASP’s ПО port, Ше CASP receives 
a write command from the PSBM via a type 2 select 
protocol. The write command select protocol 
message frame contains: a header with the CASP 
address and write command, a starting address field 
where the first data field will be written, a count 
field indicating the number of data fields to be 
written, one or more data fields, and a CRC field. 


At the beginning of the write command select 
protocol, the CASP checks its address against the 
received address field and the write command 
against known commands. In response to the write 
command, the CASP outputs the received starting 
address field on the I/O port and stores the write 
count field. Next, the CASP writes the first received 
data field to the addressed memory location and 
decrements the count field. If the count field is not 
zero after the first write operation, the ASP 
increments the сасе memo address, writes the 
next received data field, and decrements the count 
field again. These steps are repeated until the count 
field decrements to zero. 


When the count field decrements to zero, the CASP 
realizes that the last data field has been received 
and written to memory and the next field received is 
the CRC. The CASP compares the received CRC 
with a CRC it has calculated on the received data to 
check for errors, then sends an appropriate reply to 
the PSBM using a type 1 acknowledge protocol. 
After receiving the acknowledge protocol from the 
CASP, the PSBM verifies that the write command 
was successful by checking the address and status 
fields within the header and the CRC field for errors. 


While multiple data fields will usually be 
transferred during the write command to upload a 
test program or data, a single data field can be 
transmitted by simply setting the count field to one. 
An example of a single data write command is when 
the PSBM sends a command to the RSBM 
instructing it to execute a remote test operation, 
such as “initiate self-test #1”. 


4.4.8 Read Command 
When data is to be transferred from a memory to the 


PSBM via the CASP I/O port, the CASP receives a 
read command from the PSBM via a type 2 select 


proteeol The read command select protocol message 


rame contains: a header with the CASP address 
and read command, a starting address field where 
the first data field will be read, a count field 
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шакар the number of data fields to be read, and 
a CRC field. 


At the beginning of the read command select 
protocol, the CASP checks its address against the 
received address field and the read command 
against known commands. In response to the read 
command, the CASP stores the received starting 
address and read count fields, then matches the 
received CRC against the calculated CRC. 


After the read command select protocol completes, 
the CASP outputs the starting memory address 
from the ПО port, reads the first data field from 
memory, decrements the read count field, and starts 
a type 2 acknowledge protocol to transfer the data 
read from the memory to the PSBM. If the read 
count field is not zero after the first read operation 
the CASP increments the memory address, an 
repeats the memory read and acknowledge protocol 
transfer sequence. When the read count field 
decrements to zero, the CASP realizes that the last 
data field has been read from memory. After 
sending the last data field to the PSBM, the CASP 
sends the calculated CRC field then terminates the 
acknowledge protocol. 


In response to the read command acknowledge 
protocol, the PSBM checks Ше header's address and 
status fields, receives and stores a predetermined 
number of data fields, then matches the received 
CRC field inst a calculated CRC. If no errors are 
found, the PSBM is assured that the read command 
has been executed and the data received is correct. 


While multiple data fields will usually be 
transferred during the read command acknow edge 
protocol, to download test or system data, a single 
data field can be transmitted by simply setting the 
count field to one. An example of a single data read 
command is when the PSBM needs only to read the 
status of the RSBM. 


4.4.7 Read Status Command 


To allow the PSBM to read the CASP's internal 
status register, the PSBM sends a read status 
command to the CASP via a type 1 select protocol. 
The read status command select protono message 
frame contains a header with the CASP address and 
read status command, and a CRC field. After 
checking the read status command select protocol’s 
address, command, and CRC fields, the CASP sends 
a type 1 acknowledge protocol to the PSBM to 
transfer its status register field to the PSBM. In 
response to the read status command acknowledge 
rotocol, the PSBM can check the settings of the 
ASP's status register bits. 


The read status command, like the read and write 
commands, can be executed without effecting any of 
the connection type commands. The read status 
command allows the PSBM to monitor the internal 
status of CASP, as well as external status inputs, 
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such as the RSBM's interrupt input. The following 
list defines the required status bits in the CASP's 
Btatus register. 


Command Error ~ A status register bit indicating an 
nown command was received. 


CRC Error — A status register bit indicating a mismatch 
between the received and calculated CRC. = 


Intercunt Бома A status register bit indicating the 
occurrence of an external interrupt request. 

Primary Fort Connected А status register bit indicating а 
connectio the primary and secondary ports. 
Remote Fort Connected — A status register indicating a 
connection the remote and secondary ports. 


Secondary Port Idle - A status register bit indicating that 
the secondary port is idle (STMS=0). 9 
~ А status register bit indicating that 
secondary port is reset (STMS=1). ы 


4.5 Global Commanding 


To support a method of executing global commands, 
CASPs can include a global command address 
(GCA), similar to the reset address (RSTA) in Figure 
4. During a global command select protocol, all 
CASPs respond to the GCA to execute the command 
that follows. To avoid bus contention on PTDO, 
CASPs do not output acknowledge protocols in 
response to global command select protocols. 


5.0 Adapting the CASP for 2-wire Backplanes 


As mentioned in the rdi ei F194 to 1149.1" 
section, newer 32-bit IEEE backplane standards 
only allocate two wires for a backplane level serial 
bus. Ifthis trend continues, only a 2-wire serial bus, 
such as P1394, can be used in future backplanes, 
since both 1149.1 and P1149.5 require more than 
two bus wires. While P1394 is a good high speed 2- 
wire communications bus, its complex protocols and 
circuitry may be too sophistiéated and/or costly for 
the simpler access applications involved in serial 
testing. To provide an alternate 2-wire serial bus for 
newer backplane standards, the primary port of the 
CASP can be eariy adapted to communicate the 
select and acknowledge protocols using only two 
wires. 


In Figure 8, the CASP’s primary port is shown 
interfaced to a 2-wire via a serial 
input/output (SIO) wire and a clock (СК) wire. The 
SIO wire combines the unidirectional TDO and TDI 
backplane wiring channels into a single bidirectional 
wining channel. The SIO wire is capable of 
transferring the select and acknowledge protocols 
between the PSBM and CASP in response to the 
CLK output from the PSBM. The select and 
acknowledge protocols can both be transmitted on a 
single wire since they are transmitted at different 
times, as shown in Figure 3. When the CASP is 


used in a 2-wire backplane, the connect and 
disconnect PSBM commands are no longer valid, 
since an 1149.1 connection is not possible in two 
wires. However, all the other CASP commands can 
be used, as previously described, to enable remote 
test access and data transfer operations. 


Using this approach, a cost-effective 2-wire serial 
bus can optionally be used in newer backplane 
standards, in pisce of P1394, to provide a simple 
access method for test and data transfer operations. 
An important advantage of this approach is that it 
allows a common backplane test methodology to be 
developed and practiced, independent of the physical 
interfaces used in various system backplanes. For 
example, a backplane test access program, designed 
using a common CASP command set, could be used 
in either a 4 or 2-wire serial backplane environment. 
The combination of a common set of backplane test 
commands and a flexible serial interface, provides 
the building blocks from which a standard 
backplane test access language could be developed. 





FIGURE 8 2-Wire CASP Backplane Interface 


In future updates to the current 32-bit backplane 
buses, and in definitions of future 64-bit buses, it 
may be beneficial for test representatives to 
participate in backplane working groups to help 
specify backplane test bus requirements. Since a 
need will probably exist for both a 2-wire 
communications bus (like P1394) and a 2-wire test 
bus (like the one proposed here), an ideal scenario 
would be for backplane standards to specify two 
pairs of backplane wires so that both serial bus 
types could be supported. In this way, both serial 
buses could operate full-time in a backplane 
environment to optimally perform the task each was 
designed for. Also, since separate interfaces for the 
higher performance communications bus and lower 
performance test bus could be designed more 
efficiently, a lower cost of implementation would 
probably be achieved. Further, if separate serial 


buses existed at the backplane level for test and 
communication, the software for each bus could be 
designed more efficiently and executed in parallel. 


6.0 Summary and Conclusion 


This paper has described a new approach of 
accessing 1149.1 based boards in a backplane 
environment. The approach can be used as a simple 
backplane to board connection method or expanded 
to include commandable features considered useful 
in a backplane environment, 


The ASP provides a simple backplane to board 
connection circuit to effectuate expanded use of the 
1149.1 test bus. The select and acknowledge 
protocols can be transmitted between a PSBM and 
ASP using normal 1149.1 scan operations, assuming 
the PSBM can hold its TMS signal at a 1 or 0 durin 
scan. Therefore, existing 1149.1 bus masters and 
software can easily be adapted to use this approach. 
The ASP circuit is simple and can be assembled in 
small footprint packages (20 pins), resulting in a low 
cost, low area overhead, backplano-to-board level 
1149.1 test interface. 


The commandable ASP (CASP) provides a way of 
expanding the basic ASP and protocols to suit the 
needs of more demanding applications, while 
maintaining protocol compatibility with the 1149.1 
standard. The ability of the CASP to sappari board 
resident RSBMs, provides a structured method of 
designing, systema capable of distributed test 
control. e ability of the CASP to support data 
transfer, provides a method of emulating the data 
transfer features being developed in the IEEE 
P1149.6 and P1394 serial bus standards. The 
ability of the CASP to operate in a 2-wire backplane 
environment, allows it to serve as an alternate serial 
bus to P1394 when only simple test access is 
required in a system. 


The advantages offered by this new approach are: 
(1) direct compatibility with 1149.1, (2) improved 
serial data transfer bandwidth, (3) simple, cost 
effective implementation, (4) easily expandable to 
include other features useful in backplane 
applications, and (5) capable of being used in either 
a 4 or 2-wire serial bus backplane environment. 
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Abstract 


This paper presents a novel connection 
method that enables an 1149.1 test bus 
controller to hierarchically access and test 
1149.1 circuits, independent of where the 
circuits exists within in an electronic system. 
The advantage of this approach is that it 
enables the 1149.1 test bus to be used 
hierarchically as a system level test bus, 
instead of only as a board level test bus. 


Background 


In the electronics industry, significant 
improvements have been made in the area of 
board level testing, largely due to the 
development of a stan test access port and 
boundary scan architecture for ICs, referred to 
as IEEE Std 1149.1-1990 (1). The 1149.1 
standard defines a test access port and 
associated test circuitry that can be included in 
ICs to simplify testing at the board level. 


One of the most important features of 
the 1149.1 standard is a four wire test bus that 
enables commands and data to be serially 
communicated to ICs on a board for testing 
purposes. The presence of this standard bo 
evel test bus interface has inspired the test 
community to focus on a common approach to 
board level testing problems. 


The challenge now facing the electronics 
test industry is how to gain access to 1149.1 
testability features after the board has been 
embedded within a system. Most system 
companies who invest in 1149.1 at the board 
level, do so under the assumption that the 
board testability resources can be reused to 
simplify their system testing problems. 
However, currently there are no proposed 
methods of accessing 1149.1 in a зет 
environment. There are proposals for 
accessing 1149.1 boards in a backplane 
environment, but these proposals are focused 
on single level access operations and do not 


anticipate the hierarchical access needs found 
within system architectures. [2,3,4,5,7,8] 


If test access solutions progress the way 
they currently are, the industry will eventuall 
have a unique test access standard for eac 
different environment level within a system. 
For example, the industry may eventually 
have different standards for: accessing multi- 
chip modules on a board, accessing boards in a 
backplane, accessing backplanes in a 
subsystem, and accessing subsystems in a 
system. If system test access evolves in this 
fashion, the end result may well turn out to be 
an overly complicated, inefficient network of 
non-compatible test buses interfaced together 
using protocol translating devices. 


Introduction 


This paper presents an approach which 
anticipates the hierarchical test access nee 
of system architectures. Using this approach, 
hierarchical connections can be made in a 
System architecture to enable 1149.1 
applications to be accessed directly via the 
standard 1149.1 test bus. The primary benefit 
of this approach is that it eliminates the need 
to use other environment-specific test buses to 
gain access to embedded 1149.1 applications 
within systems. 


A paper presented at ITC in 1992 
described how an 1149.1 test bus controller 
(TBC) could select and access 1149.1 
applications in a single level environment 
such as boards in a ba Dane, using a protocol 
referred to as a shadow protocol and a 
connection device referred to as an addressable 
shadow port (ASP) (6). The approach 
described in this paper is based on an extended 
shadow protocol and a connection device 
referred to as a hierarchically addressable 
shadow port (HASP). The extended shadow 

rotocol and HASP allow the connection 
eatures described in the 1992 paper to be used 


- hierarchically in a system architecture, instead 
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of being limited to single level connection 
applications. 


Throughout the remainder of this paper 
the words “environment” and “application” are 
used. The word “environment” is used to 
indicate a physical level within a system 
architecture where one or more ASPs or 
HASPs reside. The “root environment” is the 
lowest level environment, and is where the 
1149.1 TBC resides. The word “application” is 
used to indicate an 1149.1 circuit within an 
environment that can be accessed by a TBC 
after a hierarchical connection has been made. 
In this paper, the hierarchical access examples 
are described as coming from a lower level 
environment to a higher level environment. 


Shadow Protocols 


The 1149.1 test bus has four signal 
wires, test clock (TCK), test mode select (TMS), 
test data output (TDO), and test data input 
(TDI). 1149.1 protocol transmitted on the 
signal controls applications on the test bus to 
scan data, enter an idle state, or enter a reset 
state. When TMS places the test bus in an idle 
state (i.e. 1149.1 RT/IDLE, PAUSE-IR ог 
PAUSE-DR states) or a reset state (i.e. 1149.1 
TLRST state), all 1149.1 applications are 
disabled from responding to data transmitted 
on TDI and TDO. While the 1149.1 test bus is 
_idle or reset, the shadow protocol can be 
transmitted over the TDI and TDO wires to 
make a connection between a TBC and a target 
application within a system, via an ASP or via 
an ASP connected to one or more HASP 
circuits. 


The shadow protocol comprises two 
protocols, a select protocol and an acknowledge 
protocol. At the beginning of a shadow 

rotocol, a select protocol is transmitted from 
he TBC to an ASP either directly or through 
one or more HASPs residing between the TBC 
and ASP to make a connection. After the 
select protocol has been transmitted, an 
acknowledge protocol is transmitted to the 
TBC from the selected ASP either directly or 
oe one or more HASPs residing between 
the ASP and TBC to confirm the connection. 
The shadow protocol is transmitted on the TDI 
and TDO bus wires using a bit-pair signalin 
method. The TMS signal is not involved wit 
the shadow protocol, therefore the TMS signal 
can be used to hold 1149.1 a plications in a 
desired 1149.1 steady state while the shadow 
protocol is transmitted to make a connection. 
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_ the shadow protocol a 


The bit-pair signaling method used in 

Slows control and data to 
be transmitted together on a single wiring 
channel. The control signals are used to start 
and Ор the select and acknowledge protocols 
and to frame data signals that form addresses 
within the select and acknowledge protocols. 
The bit-pair signals used in the select and 
acknowledge protocols are defined in the 
following list. 


L (I) ~ a control signal identified by the 
transfer of two successive logic one bits from a transmitter 
to a receiver. 


– a control signal identified by the 
transfer of two successive logic zero bits from a 
transmitter to a receiver. 


7 -а logic one signal identi 
the transfer of a агі zero bit followed by a logic e. a 
from a transmitter to a receiver. 
Data 0 Signal (D) - a logic zero signal identified b 
the transfer of a logic one арена Ба logic zero bit 


from a transmitter to a receiver. 


The bit-pair signals are output from the 
transmitting device’s (TBC’s, ASP’s, or 
HASP's) TDO on the falling edge of TCK and 
are input to the receiving device's (TBC's, 
ASP's, or HASP's) TDI on the rising edge of 
TCK. Since this data transfer is consistent 
with the way 1149.1 serial data is transferred, 
upgrading a TBC to support this approach is 
simply a matter of controlling TMS to idle or 
reset 1149.1 applications, while using 
otherwise normal 1149.1 scan operations to 
transmit and receive the select and 
acknowledge protocols. 





TBC to ASP 
ASP to TBC 


1149.1 Bus is Idle | 


Select Protocol Starts 
Select Protocol Stops 


Acknowledge Protocol Stops 
1149.1 Bus can be activated 


FIGURE 1 Select and Acknowledge Protocols 


Select and Acknowledge Protocols 


In Figure 1, a diagram is shown of a 
single level select and acknowledge protocol 
being transmitted while the 1149.1 test bus is 
idle to make a connection between a TBC and 


ASP application. The tristate signals (T) 
before and after the protocol sequences 
indicate that the 1149.1 test bus is idle and 
that the TDO outputs from the TBC and ASP 
are disabled and pulled high. The “ISD..DSI” 
sequence transmitted from the TBC to the ASP 
is the select protocol. The "ISD..DSI" sequence 
transmitted from the ASP to the TBC is the 
ack aay (пие protocok After the ASP 
‘transmits the acknowledge protocol it connects 
the TBC up to the application. 


The I signal at the beginning of each 
ба is designed to ђе indistinguishable 
rom the preceding T signals. This avoids 
unintentional entry into a select or 
acknowledge protocol when the 1149.1 bus 
enters an idle or reset state. However, the I 
signal at the end of each protocol is designed to 
be distinguishable from the preceding S and D 
signals so that it can be used to terminate the 
rotocol. Inside each protocol, first and second 
signals are used to frame the address which 
is defined by a series of logic 1 and logic 0 D 


signals. 


In this single level access shadow 
protocol, only one address frame (SD..DS) is 
transmitted between the first and second I 
signals of the select and acknowledge protocol. 
However, in a multi-level shadow protocol, two 
or more address frames (SD..DS) are 
transmitted between the first and second I 
signals of the select and acknowledge protocol 
to make a hierarchical connection. 


Hierarchical Access Examples 


The following examples illustrate how a 
TBC can use ASP and HASP circuits to 
hierarchically access 1149.1 applications in 
systems having from one to “m” environment 
levels. In the examples, analogies are made 
between the way this approach hierarchically 
links to an 1149.1 application through multiple 
system environments, and the way an 
таш system hierarchically links to a file 
through multiple software directories. In the 
analogies, “Sys”=system, “Sub”=subsystem, 
“Bpn’=backplane, “Brd”=board, “App” = 
cl te al “Env”=environment, апа 

ir"-directory. 


Single Level System Test Access 
In the single level environment of Figure 


2,a а Бр resident TBC is connected to 
Board ASPs (1-n) via a four wire 1149.1 test 


bus. Each ASP is further connected to ICs on a 
board (application) via a four wire 1149.1 test 
bus. The naming convention given to the ASPs 
in Fi 1 is “ASPn:m”, where “n” indicates 
the ASP’s address and “m” indicates the 
environment level the ASP resides on. The 
ASPs are connected to the TBC via their 

rimary port signals (PTDI, PTMS, PTCK, 

TDO) and to the application via their 
secondary port signals (STDI, STMS, STCK, 
STDO). ile all four 1149.1 signal wires are 
shown in Figure 2, only the ASP PTDI, STDI, 
PTDO, and STDO, and application and TBC 
TDI and TDO signals are named. The 
environment level number of the ASP is 
included in the primary and secondary port 
signal names, i.e. PTDI1, PTDO1, 5ТОО1, and 
STDO1. The above mentioned naming 
conventions are followed throughout the 
remainder of this paper. 


Hi bical Analog 
Root Dir\ istDir1-n\File 


Root Env\istEnvi-n\App 
BpnMBrd1-nMCs 


Environment 1 
Bosrds t-n 





ТОО b РТОН 


TISAYSIT——T 
РТООІ b TD! T— — TISAZSIT 


FIGURE 2 Single Level System Test Access 


Before an application on one of the 
Boards (1-n) can be serially accessed by the 
TBC, a connection must be made between the 
TBC and application. To make a connection 
between the application of ASP2:1 and the 
TBC, the TBC outputs a single level select 
protocol from its TDO output to the PTDI1 
input of all ASPs on Environment 1. In this 
example, the address sent in the select protocol 
is address 2 (A2). In response to receiving the 
select protocol with an address of 2, ASP2:1 
outputs an acknowledge protocol containing its 
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address (A2) from its PTDO1 output to the 
TBC’s TDI input, then connects the application 
to the TBC (as shown in darkened boxes). The 
TBC verifies the connection by inspecting the 
address returned in the acknowledge protocol, 
then accesses the аррисайоп using the 1149.1 
protocol. This single level connection example 
is identical to the one described in the 1992 
paper, since only a single level connection is 
made, i.e. board and backplane. 


Two Level System Test Access 


In the two level environment of Figure 3, 
a Subsystem resident TBC is connected to 
Backplane HASPs (1-n) in Environment 1. 
Each Backplane HASP (1-n) is further 
connected to Board ASPs (1-n) in Environment 
2. Each Board ASP (1-n) is further connected 
to an Application. While connections are only 
shown between HASP1:1 and its 
ASP/Application group, each HASP is similarly 
connected to an ASP/Application group. 


Hierarchical Analogi 


Root Dir\1stDirl-n\2ndDirl-n\File 
Root Env\1stEvn1-n\2ndEvn1-n\App 
Sub\Bpnl-n\Brdi-n\ICs 





ТООъ РТ — TIS(AJISS(AZ]SIT————— Т 
STOO! РП T——TISUAZISIT ————— Т 
PTDO2 05701 T———— — Т19/А2)517—Т 
РТОО b TD — T———— ——TIS(AZSSALSIT 


FIGURE 3 Two Level System Test Access 


Before an application on one of the 
Boards (1-n) can be serially accessed by the 
TBC, a hierarchical connection must be made 
between the TBC and application. To make a 
connection between the application of ASP2:2 
and the TBC, the TBC outputs a two level 
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select protocol from its ТОО output to the 
PTDI1 input of all HASPs on Environment 1. 
The two level hierarchical select protocol 
differs from the single level select protocol of 
Figure 1 in that two address frames are 
transmitted between the first and second I 
signals. The first address frame (A1) selects . 

P1:1 and the second address frame (А2) 
selects ASP2:2. 


After HASP1:1 has received its address 
frame (SA1S), it looks to see what signal 
follows the address frame. If an I signal were 
to follow the first address frame, HASP1:1 
would recognize the protocol as a single level 
type and would start its acknowledge protocol. 
However, since an S signal follows the first 
address frame, HASP1:1 recognizes that the 
select protocol is hierarchical and that a new 
address frame is being transmitted. After 
HASP1:1 recognizes that the select protocol is 
hierarchical, it does not respond to any of the 
additional address frames it receives, thus it 
cannot be deselected by subsequent address 
frames transmitted within the current 
hierarchical select protocol. Also when 
HASP1:1 recognizes that the select protocol is 
hierarchical, it sets an internal flag which 
modifies the way it operates during the 
hierarchical acknowledge protocol. 


In response to the start of the second 
address frame (SA2S) from the TBC, HASP1:1 
enables Из STDO1 output, sends an I signal, 
then relays the second address frame to ASPs 
of Environment 2. There is a one bit-pair 
signal latency between the end of the first 
address frame from the TBC (SA1S) and the 
start of the relayed second address frame from 
HASP1:1 (5425). This latency is caused by the 
decision step HASP1:1 performs to determine 
what si "d (S or I) follows the first address 
frame (SA1S). | 


When the TBC completes the 
transmission of the hierarchical select protocol, 
it outputs T signals (or logic 1’s) on its TDO 
output and monitors its TDI input for the start 
of an acknowledge protocol from the PTDO1 
output of HASP1:1. Likewise, when HASP1:1 
completes relaying the hierarchical select 
protocol it outputs T signals on its STDO1 
output and monitors Ив STDI1 input for the 
start of an acknowledge protocol from the 
PTDO2 output of ASP2:2. 


After ASP2:2 has received its address 
frame (SA2S) from HASP1:1, it starts an 


acknowledge protocol output to HASP1:1. 
After transmitting a first I signal to initiate 
the acknowledge protocol, ASP2:2 outputs its 
address frame sequence (SA2S) from its 
PTDO2 output to the STDI1 input of HASP1:1. 
In response to the first S si of the address 
frame input from ASP2:2, Р1:1 enables its 
PTDO1 output and starts relaying the 
acknowledge protocol from ASP2:2 to the 
ТВСв TDI input by outputting a first I signal. 
After ASP2:2 has transmitted its address 
frame to the STDI1 input of HASP1:1, it 
terminates its acknowledge protocol by 
outputting a second I signal, then makes a 
connection between its application and the 
secondary port of HASP1:1. 


In response to the second I signal input 
from ASP2:2, HASP1:1 continues the 
acknowledge protocol sequence by inserting 
and outputting its own address frame (SA1S) 
to the TDI input of the TBC. After HASP1:1 
has transmitted its address frame to the TBC, 
it terminates the hierarchical acknowledge 
protocol by outputting a second I signal, then 
makes a connection between ASP1:1 and the 
TBC. After the TBC receives the second I 
signal it determines that the hierarchical 
acknowledge 020.601 is complete and 
examines the addresses received to confirm the 
correct hierarchical connection was made. If 
the connection is correct, the TBC accesses the 
application using the 1149.1 protocol. 


Three Level System Test Access 


In the three level environment of Fi 

4, a System resident TBC is connected to 
Subsystem HASPs (1-n). Each Subsystem 
HASP (1-n) is further connected to Backplane 
HASPs (1-п). Each Backplane HASP (1-n) is 
further connected to Board ASPs (1-n). Each 
Board ASP (1-n) is further connected to an 
Application. | 


The steps for the TBC to hierarchically 
connect and access the принос of ASPn:3 is 
similar to the two level access example of 
Figure 3 and comprises; (1) outputting a three 
level hierarchical select protocol to select 
HASP1:1, HASP2:2, and ASPn:3, (2) receivin 
and confirming a three level hierarchica 
acknowledge protocol from ASPn:3, HASP2:2, 
and НАБР1:1, and (3) accessing the application 
via the connections made between HASP1:1, 
HASP2:2, and ASPn:3 using the 1149.1 
protocol. 


Hierarchical Analogi 


Root Dir M lstDirl-n\2ndDirl-n\3rdDirl-n\File 
Root Env\1stEvni-n\2ndEvn1-n\3rdEnvi-n\App 
Sys\Sub1-n\Bpni-n\Brdl-n\ICs 


рави SUO 
On Boards 1-n NN LIOS | ME 


Environment 3 
Boards 1-n 


Environment 2 
Backplanes 1-n 





ТОО оРТОН — TIS(ATQJSS(AZISS(AnISI T: 
57001 pPTO2. T—— Т IS(AZSS(ASIT 
ЅТ0020РТОЗ T— — — ЗАЗ. 
POG DSD T ПА} IT T 
PTDO2pSTD T ПАСА ТТ 
PIDOibTD T ПА 9(А2)5 SAISIT 


FIGURE 4 Three Level System Test Access 
Mth-Level System Test Access 


While the previous examples have shown 
how shadow protocols and ASP/HASP circuits 
are used to access applications existing on 1, 2, 
and 3 level system environments, the approach 
can be used to access any environment level 
(m) within a system. 


a+ 





For example, the hierarchical select and 
acknowledge protocols of Figure 5 illustrate 
connecting an application in environment level 
“m” to a TBC in the root environment (RE) via 
intermediate environment levels E1, E2, 
E3...Em-2, and Em-1. Each address frame in 
the hierarchical select and acknowledge 
protocols is indicated by the sequence “Sn:mS”, 
where “n” is the address and “m” is the 
environment level the address is sent to or 
received from. The ability of the this approarti 
to hierarchically connect a TBC to an 
application on any environment level within 
any type of system, provides an extremely 
simple, yet powerful method of accessing and 
testing 1149.1 applications. 
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Hierarchical Select Protocol to Environment *m* 








RE wb ЕТ TISn:1SSn2SSn3S....Snm-2SSn:m-1SSnmS IT. T 
E! p £2 T..—— TI Sn2SSn3S.... Sam-2SSam-1SSams | TT 
E205 ЕЗ T. <n TI 5n33....S0 m-285Snm-1SSa m5 | Т.Т 
Em3bEm2 Т === -TISnm-2SSnm-15Sanm8 Т.Т 
Em-2bEm-1 T TiSam-1SSnirS ИТ 
Emittm Т бата ІТ 





Hierarchical Acknowledge Protocol from Environment "m° 


Emp Em-i1  TISmmSIT 
Em-1 p Em-2 ТТ | SamSSam-1S1T 
Em-2 to Em-3 Т.Т 1SnmSSnm-15Snm-25 1 T 
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ЕзюЕ2 T--_TISnmSSnm-1SSnm-2SSnm-3_Sn3SIiT. 
E2 b El T— TI81mSSnm-1SSnm-288nm-3 Ba3SSa-281T... T 
Ef p RE 


T. T1 SnmSSamr-18Snm-2SSam-3_6a3Ssn:2SS0:18 IT 
FIGURE 5 Mth-Level System Test Access 

Acknowledge Protocol Address Ordering 

The ordering of the address frames in 
the hierarchical acknowledge protocol is key to 
making the scheme work in various 
hierarchical arrangements. By having the 
selected ASP of the highest accessed 
environment level initiate the hierarchical 
acknowledge protocol, HASPs in lower 
environment levels only have to monitor their 
STDI inputs to determine when the 


hierarchical acknowledge protocol has been 
started. 


Since the higher level acknowledge 
protocols are framed by first and secon 
signals, it is a simple process for a lower level 
HASP to determine when a higher level 
acknowledge protocol transmission is complete 
so that it can insert its own address frame in 
the hierarchical acknowledge protocol being 
relayed to the TBC. By its design, the 
operation of the hierarchical acknowledge 
protocol is simple and structured, and 
independent of the number of environment 
levels it traverses. 


Hierarchical Connection Example 


In Figure 6, a System TBC is connected 
to Subsystem HASP1 of Environment 1, 
HASP1/E1. HASP1/E1 is connected to 
Backplane HASP1 of Environment 2, 
HASP1/E2. HASP1/E2 is connected to Board 
ASP1 of Environment 3, АЗРИЕЗ. АБР1/ЕЗ is 
connected to the Application on Board 1 (ICs). 
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The TBC has a transmitter (XMT) to 
output the select protocol, a receiver (RCR) to 
receive the acknowledge protocol, and a 
controller (CTL) to regulate the operation of 
the transmitter and receiver, and the TMS 
output signal. When the controller is not using 
the transmitter and receiver to communicate 
select and acknowledge protocols, the 
controller can use them to communicate the 
1149.1 protocol by activation of the TMS 
output signal. 





FIGURE 6 Hierarchical Connection Example 


The ASPs and HASPs have a receiver 
(RCR) to receive the select protocol, a 
transmitter (XMT) to output the acknowledge 
protocol, and a controller (CTL) to regulate the 

eration of the transmitter and receiver, and 

e PTMS to STMS signal connection. If the 
receiver and transmitter are not being used to 
communicate select and acknowledge 
protocols, and if the ASP/HASP is selected, 
serial data and TMS control may be 
transferred from PTDI to STDO, from STDI to 
PTDO, and from PTMS to STMS during 1149.1 
scan operations. 


When scan access of the ICs of Board 1 is 
required, the TBC outputs a hierarchical select 
protocol to the receiver of HASPI/E1. In 
күне, HASP1/El's receiver strips off its 
address frame and relays the remaining 

ortion of the select protocol to the receiver of 
HASPUE2. In response, HASPY/E2's receiver 
strips off its address frame and relays the 
remaining portion of the select protocol to the 
receiver of АБРИЕЗ. 


After the hierarchical select protocol 
completes, the transmitter of ASP1/E3 outputs 
an acknowledge protocol to the transmitter of 
HASP1/E2. In response, HASP1/E2’s 


transmitter relays the acknowledge protocol to 
the transmitter of HASPY/EI, inserting its own 
address frame before terminating the 
acknowledge protocol. In response, 
HASP1/El's transmitter relays the 
acknowledge protocol to the receiver of the 
TBC, inserting its own address frame before 
terminating the acknowledge protocol. 


After each HASP and ASP completes its 
acknowledge protocol, it; connects its primary 
and secon ports together. After receiving 
and veritas ‘the hierarchical acknowledge 
protocol, the ТВСв control circuit enables the 
transmitter, receiver, and TMS output to 
access the ICs of Board 1, via the connections 
made through HASP1/E1, HASP1/E2, and 
АБР1/ЕЗ, using the 1149.1 protocol. 


Synchronizing 1149.1 Data Transf 


In Figure 7, an important difference is 
shown between the methods used by the 
HASPs and ASP of Figure 6 to connect their 

rimary and secondary bus signals. In the 

SP, a simple electronic switch is used to 
connect the primary and secondary port 
signals, since only a single level connection is 
made. However, since any number of levels 
may be connected using hierarchically 
arranged HASPs, it is important to provide a 
method of uns the data transfer 


between P primary and secondary ports 
using clocked storage elements such as the D- 
flip flops (DFF) of Figure 7. 





Tec НАВР1/Е! 


Application 
FIGURE 7 HASP Port Synchronization 


If the primary and secon bus signal 
connections of the HASP were made by simple 
electronic switches, as in the ASP, the 
accumulation of delays through the switches of 
hierarchically connected HASPs would limit 


the 1149.1 data transfer rate through the 
connection. However, with the primary and 
secondary HASP connections synchronized 
through DFFs as shown in Figure 7, delays do 
not accumulate as more HASPs are included in 
a hierarchical connection. Thus, no limitation 
is placed on the 1149.1 data transfer rate as 
more environment levels are connected 
between the TBC and application. 


Accessing and Testing Applications 


In Figure 8, a TBC is shown connected to 
the primary ports (PP) of ASPs 1-(n-2) via an 
1149.1 test bus. Each ASP's secondary port 
(SP) is connected to an appropriately 
numbered 1149.1 application via an 1149.1 
test bus. The TBC and applications illustrate 
the 1149.1 steady states in which shadow 
protocols can be transmitted to make or break 
connections between the TBC and арис 
The darkened boxes of Figure 8, indicate 
reserved addresses “0”, “n-1” and “n”, which 
are not used as application addresses. 


Application і Application 2 Appfcaton п-2 





FIGURE 8 Single Level Test Access Example 


The “0” address is a reset address 
(RSTA) recognizable by all ASPs and HASPs. 
ASPs and HASPs receiving the RSTA address 
disconnect their ports and force their 
applications into the TLRST state by setting 
their STMS output to a logic one. The “n-1 
address is a disconnect address (DISA) 
recognizable by all ASPs and HASPs. ASPs 
and HASPs receiving the DISA address 
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disconnect their ports and remain in the 
1149.1 steady state they were in when the 
disconnect occurs. The “n” address is a self 
test synchronization address (STSA) 
recognizable by all ASPs and HASPs. ASPs 
and Ps receiving the STSA address while 
in the 1149.1 PAUSE-IR/DR states connect 
PTMS to STMS and disconnect PTDI and 
STDO, and STDI and PTDO. | 
Executing Single Application Self Tests 

If Application 1 needs to be tested using 
a BIST based test instruction, like the 1149.1 
RunBist instruction [1], and is currently in the 
TLRST state, the TBC moves itself to the 
TLRST state to synchronize states with 
Application 1, then executes a shadow protocol 
to connect to Application 1. After a connection 
is made between the TBC and Application 1, 
the TBC transitions itself and Application 1 
from TLRST to the RT/IDLE state to prepare 
for testing. 


After entering the RT/IDLE state, the 
TBC executes an 1149.1 instruction scan 
operation to load the test instruction, then 
returns to the RT/IDLE state. In the RT/IDLE 
State the test instruction starts and executes 
until it terminates either on its own (like 
RunBist) or in response to the TBC 
transitioning from the RT/IDLE state. While 
tho test oxocutes, the TBC.is free to 
synchronize, connect, and start tests in other 
ере s if desired. At the end of the test, 
the TBC synchronizes and connects to 
Application 1 (if it has disconnected) and 
accesses the test results using 1149.1 scan 
operations. 


E ting Parallel Application Self Tests 

If all applications of Fi 8 need to be 
tested in parallel using a BIST based test 
instruction, and all are currently in the TLRST 


state, the TBC moves itself to the TLRST state 
and executes the following sequence. 


The TBC transmits a shadow protocol to 
connect Application 1 to the TBC. After the 
connection is made, the TBC transitions itself 
and Application 1 from TLRST to the RT/IDLE 
state. After entering the RT/IDLE state, the 
TBC executes an instruction scan operation to 
load the test instruction into Application i 
then terminates the instruction scan operation 
in the PAUSE-IR state. The TBC then 
transmits a shadow protocol containing the 
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DISA address to disconnect Application 1 in 
the PAUSE-IR state. The TBC then 
transitions itself from PAUSE-IR to the TLRST 
state to synchronize 1149.1 states with the 
next application to be connected. These steps 
are repeated on Applications 2 through n-3. 


After Application n-3 has been setup as 
previously described, the TBC transmits a 
shadow protocol to connect Application n-2 to 
the TBC. After the connection is made, the 
TBC transitions itself and Application n-2 from 
TLRST to the RT/IDLE state. After entering 
the RT/IDLE state, the TBC executes an 
instruction scan operation to load the test 
instruction into Application n-2 then 
terminates the instruction scan operation in 
the PAUSE-IR state. While in PAUSE-IR, the 
TBC transmits a uid protocol containing 
the STSA address. All 8 currently in the 
PAUSE-IR state а трови to the STSA address 
to connect their PTMS and STMS signals 
together, enabling the TBC’s TMS output to be 
input to each ASP application. After makin 
this global TMS connection, the TB 
transitions itself and all applications from 
PAUSE-IR to RT/IDLE to start the parallel 
test operation. 


The parallel test operation continues 
until all tests have terminated either on their 
own or in response to the TBC transitioning 
from the RT/IDLE state. At the end of the 
parallel test operation, the TBC executes 
shadow protocols to connect to each 
application, one at a time, to access the test 
results using 1149.1 scan operations. If one or 
more of the ASPs in Figure 8 had not been 
peepee in the PAUSE-IR state when the 

TSA address was issued, they would have 
ignored the STSA address and remained in 

eir present state. Thus, selective execution 
of parallel test operations is provided. 


E ing Application Int Hon Tests 


Testing the functional interconnection 
between applications is easy if each application 
includes 1149.1 boundary scan on its 
functional ИО. The test is setup by the TBC 
synchronizing states with and connecting to 
each application, one at a time. After the TBC 
is connected to an application it performs an 
1149.1 instruction scan operation to load the 
1149.1 Sample/Preload instruction. After 
loading the Sample/Preload instruction, the 
TBC performs a data scan operation to load a 
safe initial boundary ПО test pattern. Next, 


the TBC performs an instruction scan 
operation to load the 1149.1 Extest instruction, 
terminating the instruction scan operation in 
the PAUSE-IR state. While in the PAUSE-IR 
state, the TBC executes a shadow protocol 
containing the DISA address to disconnect 
from the application so that other SPORE 
can be connected and setup as described. 
Since the application is disconnected in 
PAUSE-IR, the Extest instruction has not been 
updated to take effect. 


After all applications have been setup as 
described, the TBC positions itself in the 
PAUSE-IR state, then transmits a shadow 
protocol containing the STSA address. In 
response to the STSA address, all applications 
are connected to the TBC’s TMS output, via 
their ASPs. The TBC then transitions itself 
and all applications from PAUSE-IR to 
RT/IDLE to cause all applications to 
simultaneously update their Extest 
instructions and enter test mode. Since each 
application was loaded with a safe initial 
boundary ПО test pattern, no UO conflicts 
. occur between applications when the Extest 
mode is entere 


Following this setup procedere: 
interconnection testing is accomplished by the 
TBC selectively connecting to each ар lication, 
one at a time and while in the RT. state, 
to set boundary outputs and read boundary 
inputs using 1149.1 data scan operations. 


While this example used the Extest 
instruction to scan test the interconnections 
between applications, at-speed interconnection 
tests based on BIST (i.e. pseudorandom 
pattern generation/data compaction) could be 
used as well. If BIST interconnection testin 
is performed the applications are setup an 
enabled for testing as described in the 
“Executing Parallel Application Self Test” 
section. 


Hierarchical Access and Testing 


In the example of Figure 8, the TBC was 
shown directly connected to the ASP of each 
application. In actual үш however, the 

C may not always be directly connectible to 
the ASP of each application due to the 
pce of the applications in the system 

ierarchy. Therefore HASPs may reside 
between the TBC and ASPs to provide a 
hierarchical connection between the TBC and 
applications, as shown in Figure 9. 


The access and testing procedures 
reviously described in regard to the single 
evel connection arrangement shown in Figure 

8 still apply to the three level connection 
arrangement shown in Figure 9. The only 
difference in Figure 9 is that a three level 
connection is traversed to access and test the 
applications. 


Application 1 Application 2 Applicaton г-2 





FIGURE 9 Three Level Test Access Example 


After hierarchically accessing and 
testing applications within a system, 
numerous applications. may be left in various 
1149.1 steady states and test modes. To insure 
the stability of the system in its mission mode, 
all applications need to be placed in the 

state following test. 


One way of placing system applications 
in the TLRST state 1s for the TBC to 
individually connect and set each application 
into the TLRST state. However, a faster way 
of расои system applications in TLRST is for 
the TBC to globally transmit a hierarchical 
select protocol consisting of multiple RSTA 
address frames. Alternately, the TBC can 
locally place applications existing at and above 
a selected environment level in TLRST by 
sending actual address frames in a 
hierarchical select оо prior to sending the 
RSTA frames. The actual address frames 
direct the reset action to only the applications 
at and above the selected environment level. 
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Hierarchical Select Protocol for Global Resetting 
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FIGURE 11 Hierarchically Resetting Applications 
N 


Examples of global and local resetting in 
a system containing *m" environment levels 
are shown in Figure 11. The "r" in the address 
frames 1 through m indicate the RSTA 
address. The "n" in the address frames 1 
through m indicate an actual address. All 
HASPs in each intermediate environment level 
(1 through m-1) between the root environment 
(КЕ) and environment “m” wait to respond to 
the RSTA address until after the hierarchi 
select protocol terminates, so that all relayed 
RSTA address frames can be transmitted to 
the highest environment level (m). HASPs and 
ASPs receivin 
an acknowledge protocol. However, HASPs 
that receive an actual address do respond with 
an acknowledge protocol. 


Hierarchically Sending DISA/STSA Add 


While Figure 11 illustrates RSTA 
address frames “r” being globally and locally 
transmitted to connections and applications, 
DISA and STSA address frames can be 
globally or locally transmitted as well. DISA 
address frames are transmitted in place of the 
"r" addresses in the hierarchical select 
protocols to disconnect connections and 
applications. STSA frames are transmitted in 
place of the “r” addresses in the hierarchical 


select protocols to synchronize selected 


connections and applic tion groups to the 
TBC’s TMS output. with the RSTA address 
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a RSTA address do not execute 


frame, HASPs and ASPs receiving DISA or 
STSA address frames do not execute an 
acknowledge protocol. 


Conclusion 


This paper has described a hierarchical 
test access problem the industry will 
eventually face in system architectures, and a 
proposed solution to this problem. The 
solution is based on a connection circuit and 
protocol that can operate in any hierarchical 


arrangement to provide access to and test 


control of 1149.1 applications in a system 
environment. This access method provides a 
simple way to effectuate схранаес use of Ше 
1149.1 test bus in systems. The advantages of 
this approach are: (1) connection protocol is 
supportable by most 1149.1 TBCs/ATEs, (2) 
connection protocol rides on top of existin 
1149.1 bus wiring, (3) does not require фиша 
translation in the connection path, (4) does not 
impact 1149.1 test bus bandwidth, (5) 
supports parallel 1149.1 test operations, (6) 
supports any type of hierarchical connection 
arrangement, and (7) simple, cost-effective 
implementation. 
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ABSTRACT 


This paper describes an IEEE 1149.1 baced test IC that 
emulates the functions of logic and signature analysis 
test instruments. These ICs can be used at the board or 
multi-chip module level to provide an embedded method 
of monitoring circuits at-speed. This er assumes the 
reader has a basic understanding of t] the IEEE 1149.1 


лао: INTRODUCTION 


Test instruments, such as logic analyzers, have 
traditionally been used to test the at-speed interaction of 
functioning ICs on board designs. These test 
instruments gain access to the circuit under test by 
physically contacting the circuit using a probing 
mechanism. The use of these test instruments to test 
functioning circuitry can reveal timing sensitive and/or 
intermittent failures that would otherwise not be 
detectable in a nonfunctional test environment. The 
ability of these test instruments to synchronize up with 
and observe the at-speed operation ot electronic circuits, 
have made them an invaluable asset in a wide range of 
testing applications. 


With the increasing use of high-speed, state-of-the-art 
integrated circuits in combination with the miniaturized 
substrates on which they are assembled, the physical 
access between an external test instrument and a circuit 
under test is being severely reduced and in some cases 
complete eliminated. New test approaches such as the 
IEEE 1149.1 boundary scan standard provide a method 
to regain electrical access to miniaturized circuits and 
substrates through the use of an IC resident test 
and boundary scan architecture. The 1149.1 standard 
rovides an excellent method of testing the structural 
integrity of the wiring interconnects between ICs on a 
common substrate; ‚у. In addition, 1149.1 сап be used to 
bis individual ICs while they are in a nonfunctional 
mode. 


However, the 1149.1 standard cannot be used effectively 
for at-speed functional testing of ICs or circuits. The 
standard does provide a test instruction, referred to as 
Sample/Preload, that allows the boundary scan register 
to take a snapshot sample of the data entering and 
leaving a functioning ІС. While a specific application of 
the Sample/Preload instruction has been described, its 
general use suffers due to problems not addressed in the 
standard; 


One problem with the Sample/Preload instruction is that 
there is no prescribed method of synchronizing the 
sample operation with the operation of the host IC. 
Sampling data asynchronously is a hit and miss 
proposition that serves no useful purpose. Another 
problem is that there is no prescribed method of 
qualifying when to execute the sample operation in a 

nctioning system. Sampling data synchronously but at 


random does little to support testing. The solutions to 
these шоу challenging problems is left up to the 
user с 1. 


A new ed eer therefore, is required to provide a 
method of functionally testing the at-speed operation of 
miniaturized electronic circuits. The approach described 
in this paper overcomes the loss of functional test access 
to state-of-the-art circuitry through the use of an IC 
designed specifically for embedded at-speed testing 
applications. This test IC is a member of TIs SCOPE:- 
family of d components,7 gp and is referred to as 
a Digital Bus Monitor (DBM): The DBM can be 
implemented in board or multi-chip module designs and 
coupled to critical functional IC bus signals to provide a 
method of non-intrusively monitoring the functional 
operation of the circuit. 


When the DBM is enabled via serial input from the 
1149.1 test bus, it synchronizes up with the functional 
circuitry to perform data trace and/or data compaction 
on the at-speed data flow between the functional ICs of 
the circuit. Following the test, the trace data and/or 
signature collected can be accessed via the 1149.1 test 
bus for processing. 


The advantage offered by the DBM is that it enables the 
use of traditional at-speed test approaches without 
having to physically probe the electronic circuit being 
tested. so, since the DBMs are embedded in the 
product and accessible via the 1149.1 test bus, the tests 
they provide are reusable throughout the life cycle of the 
product. For example the DBMs can be used for at-s 
testing of the product at the assembly site, then later 
reused during other phases of the products life cycle such 
as; hardware/software integration and debug, at-speed 
system testing, environmental chamber testing, and field 
testing and diagnostics. 


DBM ARCHITECTURE 


The DBM is a 28 pin device designed in compliance with 
the rules set forth in the IEEE 1149.1 boundary scan 
standard. The DBM supports all required 1149.1 
boundary scan test instructions as well as a rich set of 
special test instructions supporting its data trace and 
signature analysis test operations. The data trace and 
signature analysis operations can operate from control 
input from the 1149.1 test bus or from control generated 
internal to the DBM. 


The DBM IC architecture of Figure 1 has input pins for 
receiving 16 data inputs (00-15), 3 clock inputs 
(CK1,CK2,CK3), an event qualification input (Е01), an 
output pin for outputting an event qualification output 
(EQO), and a bidirectional pin for inputting or 
outputting a poama input/output signal (PIO). In 
addition, the DBM is coupled to the 1149.1 test bus via 
the test data input (ТОТ), test data output (TDO), test 
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mode select (TMS), and test clock (TCK) pins, to provide 
a standard serial interface for input and output. 


The DBM consists of a 1Kx16-bit trace memory for test 
data storage, a 16-bit parallel signature analysis (PSAR) 
register for test data compaction, a 16-bit comparator for 

attern detection, an event qualification module (EQM) 
or at-speed test control, a programmable clock interface 
(PCD for clock conditioning, a boundary scan register for 
interconnect testing, and a 1149.1 circuit block 
consisting of a control register for instruction 
amplification, a bypass горат for abbreviating the scan 

at through the DBM, an instruction register for 
тања storage, and the 1149.1 test access port 


00-1 
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FIGURE 1 DBM Architecture 


1149.1 Circuit 


The TAP along with the instruction, bypass, and 
boundary scan registers are test circuits required in the 
1149.1 standard. The TAP receives the 1149.1 TMS and 
TCK bus contro] signals and provides the interface 
through which an external test bus controller can input 
control to shift data through the IC from the TDI input 
to the TDO output, or effectuate an 1149.1 controlled 
test operation. e instruction register provides storage 
for test instructions shifted into the Е. The bypass 
register provides a single bit scan path through the IC 
when 1149.1 testing is not being performed. The 
boundary scan register consists of a series of cells 
associated with each IC input and output pin. When 
placed in their test mode, the boundary cells can be 
accessed via the TAP to output test data from the IC's 
outputs and receive test data into the IC's inputs, in 
accordance to the IEEE 1149.1 Extest instruction. 


Trace Memory 


The trace memory receives the 16-bit data bus, serial 
input from the TDI pin, control input from the TAP and 
EQM, and outputs serial data to the TDO pin. The trace 
memory is a 16-bit by 1024 location static RAM. When 
disabled the trace memory powers down and requires 
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minimum power to maintain its contents. When enabled 
the trace memory can be used to store the 16-bit data 
input to the DBM in response to control input from 
either the TAP or EQM. The DBM can receive and store 
16-bit data words at up to 40Mhz. 


The trace memory of Figure 2 consists of a 1Kx16-bit 
static RAM, a 16-bit data input/output register (DIOR), a 
10-bit address register (AREG), and read/write control 
circuitry. The read/write control circuitry receives 
control input from the TAP and EQM, and outputs 
control to the DIOR, AREG, and RAM. The selection of 
which control input is used, TAP or EQM, is determined 
by the instruction in the 1149.1 instruction register. 
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FIGURE 2 Trace Memory 


When trace operations are controlled from the 1149.1 
TAP, data input on the data bus is clock into the DIOR 
register then transferred into the addressed 
location during each TCK while the TAP is in its 
RT/IDLE state. After each data pattern is written to 

, the AREG is incremented to address the next 
RAM location. 


When trace operations are controlled from the EQM, 
data input on the data bus is clocked into the DIOR 
register during each CLK output from the PCI. However. 
the data is only transferred into the RAM when the EQM 
is qualified, via input from either the internal CTERM or 
external EQI signal, to execute one of its eight selectable 
test protocols. After a data pattern is transferred into the 

, the AREG is incremented to address the next 
RAM location. 

Trace Memory Read/Write Modes 

The RAM has two modes of serial read/write access, 
1149.1 scan access mode and direct memory access mode 
(DMA). The RAM access mode is selected via an 
instruction loaded into the instruction register. In the 
1149.1 scan access mode, the TAP inputs or outputs 
RAM data via the DIOR and AREG registers by cycling 
through multiple data register scan operations. During 
each scan operation the AREG addresses a RAM location 
to be written to or read from via the DIOR. Each RAM 
read or write cycle requires one 1149.1 data register scan 
operation. 


In the DMA mode, the DIOR is configured as either a 
serial input/parallel output register for DMA write 
operations or a parallel input/serial output register for 
DMA read operations, and the AREG is configured as a 
counter. During DMA write operations, a DMA controller 
embedded in the TAP, outputs control to cause serial 
data to be shifted into the DIOR from the TDI input. 
After the DIOR has received a predetermined number, of 
bits, the DMA controller inputs control to cause the RAM 


to accept the parallel data from the DIOR, the AREG to 
increment, and the DIOR to continue inputting serial 
data. These steps of serially inpatting data to the DIOR, 
writing the data into the , and incrementing the 
AREG are repeated until the RAM is full. 


During DMA read operations, the ОМА controller 
inputs control to cause the DIOR to parallel load data 
from the RAM. After the data is loaded, the DMA 
controller inputs control to cause the AREG to 
increment, and the DIOR to shift data out via the TDO 
output. en the last bit is shifted out, the DMA 
controller р the steps of parallel loading RAM data 
into the DI incrementing the AREG, and shifting 
data out of the DIOR until the RAM data is read. 


The reason for developing the DMA mode for RAM 
access is that it significantly reduces read/write access 
time to embedded memories over using the 1149.1 scan 
approach, especially in a system environment where 
multiple devices precede and follow the target device. 
The time savings is brought about by the fact that the 
DMA mode allows a single, but extended 1149.1 data 
register scan cycle to stream seria] data continuously 
into or out of a device’s embedded memory without 
interruption. 


FIGURE 3 Trace Memory Access Example 


To illustrate the time savings using the DMA mode to 
access the DBM’s memory over using the 1149.1 data 
register scan mode, calculations are made on the 
example system scan path environment illustrated in 
al 3. The scan path consists of a test bus controller 
(TBC), a DBM, 100 1149.1 compliant ICs (N) between 
the TDO output from the TBC and the TDI input to the 
DBM, and 100 1149.1 compliant ICs (M) between the 
TDO output from the DBM and TDI input to the TBC. 


In both the 1149.1 (1) and DMA (2) RAM access mode 
` calculations, assume а 5Mhz ТСК and that the ICs 
preceding and following the DBM are in their Bypass 
mode. Since the scan path is metrical the read and 
write access times are identical for both DMA and 1149.1 
access modes, so only a read access calculation will be 
performed on each. А comparison of the calculated RAM 
access times, shows Ше D access time (3.3ms) to be 
93% less than the 1149.1 access time (47ms). 


(1) 1142.1 Access Time = ((L xS, «D, xT, Мы = 47 ms 


Where: L,, = Length of scan path 
= (N+DBM+M) = (100+26+100) 
` Зи = TAP Shift state 
D, = TAP Dead states (4) 
T4 = ТСК period (200na) 
z Memory pattern depth (1024) 


(2) DMA Access Time = (Lj, xM.uxS,+D, +L, ХТа = 3.3 ms 
Where: = Length of DIOR register (16) 
іше, ЖЕ of M scan path (100) 
Зи = TAP Shift state 
Dn = TAP Dead states (4) 
Ta = ТСК period (200ns) 
= Memory pattern depth (1024) 


Trace Memory Self-Test 


The trace memory was designed with a self-testin 
capability that enables quick verification of the DBM's 
RAM in both an IC production and field test 
environment. The self-test is executed in two steps. The 
first step loads the RAM contents with test patterns, and 
the second step compacts the contents of the RAM into a 
signature. 


The first step, RAM initialization, can be accomplished 
using one of two methods. One method uses 
upload instructions designed to allow the data scanned 
into the DIOR to be automatically uploaded into the 
RAM for 1024 TCKs while the ів in its RT/IDLE 
state. Two RAM upload instructions are provided to 
allow data to be uploaded into the RAM in either a fixed 
or toggled format. This automatic RAM upload method 
is also used to initialize the RAM prior to performing a 
data trace operation. The other method of initialinng 
the RAM uses the DMA input method. While the DMA 
input mode takes longer to load the RAM than the RAM 
upload instructions, it allows deterministic test patterns 
to be input to the RAM for more thorough testing. 


The second step, RAM compaction, is accomplished using 
a RAM data compaction instruction. The data 
compaction instruction enables the RAM contents to be 
read and compacted into a 16-bit signature for 1024 
TCKs while the TAP is in it’s RT/IDLE state. During this 
instruction, the DIOR operates as a multiple input 
signature register (MISR) and the AREG operates as a 
seirincreinen&ng RAM address counter. 


If desired, deterministic testing of the RAM can be 
achieved efficiently using the DMA input and DMA 
output instructions to stream data into and out of the 
RAM. The RAMs data retention can be tested by 
disabling the RAM to its low power mode after it has be 
initialized, then enabling the RAM and testing its 
contents using either the data compaction or DMA 
output instruction. 
PSA Register 

The PSAR receives the 16-bit data bus, serial input from 
the TDI pin, control input from the TAP and EQM, and 
outputs serial data to the TDO pin. Also the PSAR is 
coupled to a bidirectional pin eine as a polynomial 
input or output (PIO) to allow cascading the PSARs of 
multiple DBMs. The PSAR is used to sample or compact 
data input to the DBM via the data bus in response to 
control input from either the TAP or EQM. The selection 
of which control input is used, T or EQM, is 
determined by the instruction in the 1149.1 instruction 
register. The PSAR can receive and compact data words 
at up to 40 Mhz. 


The PSAR in Figure 4 consists of a 16-bit MISR and data 
bit masking circuitry. The polynomial tap connections in 
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the MISR are programmable via input from the control 
register in the 1149.1 circuit block of Figure 1, to enable 
use of any polynomial feedback equation during data 
compaction operations; Also the bit masking circuitry 
receives masking control input from the control register 
to selectively mask one or more of the data bus input 
signals from being compacted into the MISR. This bit 
masking feature allows the MISR to operate as a 
parallel, serial, or selectable input signature analyzer. 
Also the bit masking provides a method of diagnosing 
why a parallel signature fails, by repeating the test on 
individual or selected groups of non-masked inputsg. 
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FIGURE 4 PSA Register 


When PSAR operations are controlled from the 1149.1 
TAP, data input on the data bus is compacted into the 
MISR during each TCK while the TAP is in its RT/IDLE 
state. When PSAR operations are controlled from the 
EQM, data input on the data bus 15 compacted into the 
MISR when the POM is qualified, via input from either 
the internal CTERM or external EQI signal, to execute 
one of its eight selectable test protocols. After either 
data compaction operation is complete, the signature can 
be shifted out of the MISR by loading in an PSAR read 
instruction and performing a data register scan 
operation to shift out the contents of the MISR. 
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FIGURE 5 Cascading DBMs 


The PSARs of multiple DBMs can be cascaded in 16 bit 
increments to form wider parallel signature analysis 
registers. For example, Figure 5 illustrates three DBMs 
cascaded to form a 48-bit . During cascaded PSAR 
operation, the least пошса. DBM’s (LSDBM) TDI 
input is d sabled, the output is enabled to output 
the quotient from the MISR, and the PIO pin is 
configured as a notes input to the MISR. The 
middie DBM’s (MIDBM) TDI input is enabled to receive 
the TDO output from the LSDBM, the TDO output is 
enable to output the quotient from the MISR, and the 
PIO pin is configured as a polynomial input to the MISR. 
The most significant DBM's (MSDBM) TDI is enabled to 
receive the TDO output from the MIDBM, the TDO 
output is disabled, and the PIO pin is configured as a 
quotient output from the MISR. 
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Since the MISR in each DBM is designed using an 
internal type polynomial feedback aironi any number of 
MIDBMs can be placed between a LSDBM and MSDBM 
without incurring the delays associated with external 
type polynomial feedback circuits. 


Comparator 


The comparator receives the 16-bit data bus, serial input 
from the TDI pin, control input from the TAP and E 
and outputs a compare term (CTERM) to the EQM and 
serial data to the TDO pin. The comparator is used 
during EQM controlled data trace and compaction test 
operations to detect patterns input to the DBM via the 
data bus and output a CTE signal to the EQM in 
response to a detection. 
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FIGURE 6 Comparator 


The comparator in Figure 6 consists of a 16-bit compare 
circuit, and two 16x16 memories used to store expected 


data and mask data patterns. The memories are 
accessible for data input/output using either 1149.1 data 
register scan or DMA access modes described in the trace 
memory. The memories provide storage of 16 levels of 
16-bit expected and mask data, enabling the comparator 
to perform up to 16 levels of pattern detection. The 
mask data memory provides selective bit masking on 
each of the 16 pattern detection operations. Masked bits 
become don’t cares and are not used in the compare 
operation. . 


Programmable Clock Interface 


The PCI receives clock inputs from the CK1, CK2, CK3, 
and TCK pins, control input from the control register, 
and outputs a conditioned clock signal to the БОМ. The 
PCI is programmable via input from the control register 
to couple one of the clock inputs or its complement to the 
PCI CLK output, or combine the clock inputs изт 
Boolean AND and OR functions and couple the combine 
clock signal or its complement to the PCI CLK output. 
The purpose of the PCI is to minimize clock gating and 
selection logic external to the DBM. For example, the 
PCI clock inputs can programmed to accept Motorola or 
Intel type read/write bus control without any external 
interfacing logic. 


Event Qualification Module 


The EQM is a test control macro that has been developed 
by Texas Instruments to provide a standard method of 
enabling an IC’s test circuitry during normal operation of 
the Св: The EQM receives control input from the TAP, 
clock input from the PCI, external event input from the 
ЕДІ pin, internal event input from the RM signal, 
serial data input from the TDI pin, and outputs event 
signals to the EQO pin and seríal data to the pin. 


The EQM of Figure 7 consists of a test controller, an 
event multiplexer, and a scan path consisting of 
command ( ), loop counter (LPCNT), and event 
counter (EVCNT) sections. The test controller operates 
synchronous to the CLK output from the PCI to execute 
one of eight predefined test protocols. The protocol to be 
executed is input to the test controller via the CMD 
register. The LPCNT register serves as a programmable 
16-bit counter enabling a protocol to be looped up to 216 
times. Each protocol is executed in response to event 
inputs from the event multiplexer. The event 
multiplexer can be set via the CMD register to select the 
event input to come from either the internal CTE 
signal from the comparator or from an external signal 
input via the EQI pin. 


TEST 
CONTROLLER 


CLK 





пам 
CONTROL 
виз 


cTERM EVENT 









EQO 
eal 


ты 


TAP 


FIGURE 7 Event Qualification Module 


The EVCNT register serves аз a programmable 16-bit 
counter enabling a protocol to be started or stopped on 
the Nth occurrence of predetermined events. Also the 
EVCNT register can be used within a protocol to enable 
testing for a programmed number of CLK cycles, from N 
= 1 to 216. То allow for multiple Nth events and multiple 
clocked test operations within a test protocol, a 16x16 
EVCNT memory is coupled to the EVCNT register. The 
EVCNT memory can be accessed for input and output 
using either 1149.1 scan operations or DMA operations 
as described in the trace memory section. en an 
existing count has expired in the EVCNT register, the 
test controller upl a new count pattern into the 
EVCNT register. Each protocol can use up to 16 
different count patterns during the execution of a test 
operation. 


During EQM controlled data trace and/or data 
compaction operations, the EQM outputs control to the 
trace memory and PSAR via the E control bus. Also 
the test controller outputs test status or internal event 
signals off chip via the EQO pin. In the status output 
mode, test status signals can be output from the EQO 
pin to indicate, among other things, (1) test-in-progress 
or (2) end-of-test. These status outputs can be monitored 
by external controllers or testers to determine the state 
of the test being кш Alternately, these test 
status signals can inspected via 1149.1 instruction 
register scan operations. 


In the event output mode, the CTERM signal from the 
comparator can be output from the EQO pin to indicate 
the occurrence of an internal event. The event signal 
output from the EQO pin can be used for triggering an 
external tester, or to input an event to a nei boring ICs 
EQM to initiate a test protocol operation. The action of 
outputting an internally detected event on the EQO pin 
of one IC to be received by the EQI input of another IC 
enables EQMs to cross trigger one another. This cross 


triggering scheme can be expanded to where multiple ` 


ICs can participate via an external voting circuit to 
enerate a global cross triggering mechanism between 
QO outputs and ЕСІ inputs. 


EQM Test Protocola 


The eight EQM test protocols are summarized in the 
following protocol test action code statements. In each 
protocol М” references a count value from 1 to 218 т the 
16-bit LPCNT, *N" references 1 of 16 stored count values 
(1 to 216) that can be loaded into the 16-bit EVCNT, 
“test” refers to a data trace and/or data compaction 
operation, “event” refers to a signal input to the EQM 
from either the CTERM output of the comparator or the 
EQI input pin, and “clock” refers to the CLK output from 
the PCI circuit. 


Protocoll: ForM times do; 
On МУ event do test 
End of test 


Protocol2: ForM times do; 
пещ During N^ event do test 
End of test 


Protocol 3: For M times do; 
On N'^ event start test 
On № event stop test 
End Of Test 


Protocol4: ForM times do; 
On № event start test 
On N* event stop test 
after N clocks 
End of test 


Protocol5: Рог М times do; 
On Nh event, test for 
N clocks 
End of test 


Protocol 6: For М times do; 
On М“ event, 
Pause N clocks 
Then test for N clocks 
End of test. 


Protocol 7: Оп № event, test for М clocks 
Then for M-1 times do; 
Pause for N clocks 
Test for N clocks 
End of test 


Protocol 8: Оп № event, For M times do; 
Pause for N clocks 
Test for N clocks 
End of test 


DBM TEST APPLICATIONS 


As described previously, the DBM can operate in two test 
modes, an off-line test mode controlled by the TAP, and 
an on-line test mode controlled by the EQM. In the off- 
line test mode the circuitry to be monitored needs to be 
placed in a nonfunctional mode and preferably under 
1149.1 control. In the on-line test mode the circuitry to 
be monitored may remain in its normal functional mode 
while being tested by the DBM. 


In Figure 8, a typical circuit is shown consisting of a 
processor, RAM, ROM, ЏО port, buffering/transceiving 
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circuits, and two DBMs. This circuit could be realized on 
either a printed circuit board or multi-chip module 
substrate, and may be one of many such circuits in an 
electronic system. During functional operation, the 
processor outputs address and control to enable data 
transfers between it and one of the other devices in the 
circuit. DBMs are coupled to the processors address, 
data, and control buses. 
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FIGURE8 DBM Application Example 
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While non-testing buffers/transceivers could have been 
used in this circuit, 1149.1 compliant ones are 
implemented to provide embedded control and 
observability of the processors 16-bit data, 16-bit 
address, and control buses. The 8-bit buffers and 
transceivers used, like the DBMs, are members of ТІ 
SCOPE family of testability components and are referred 
to as SCOPE octals,7}. 


In addition to their buffering and transceiving functions, 
the octals include circuitry supporting both 1149.1 
boundary scan and built-out-self-test features. The term 
built-out-self-test (BOST) is probably one the reader may 
not be familiar with and is coined here to differentiate 
from the common terminology of built-in-self-test (BIST). 
BIST is a pseudorandom based test structure designed 
primarily to test circuits.inside an IC, whereas BOST is 
a pseudorandom based test structure designed primarily 
to test circuits outside an IC. | 


While in their functional mode, the octals allow the data, 
address, and control bus signals to pass through 
unobstructed. However, when placed in their test mode, 
the octals can execute all required 1149.1 scan based test 
сретанопа as well аз additional pseudorandom based 

OST featuresis улу. Опе of the BOST features 
included in the өсегі that is pertinent to the DBM’s off- 
line test mode description is the ability to generate and 
output pseudorandom test patterns in response to 
control input from the 1149.1 test bus. 


DBM Off-Line Test Examples 


The primary objective of an off-line test of the circuit in 
Figure 8 is to verify the structural integrity of the 
interconnections between the ICs. Most manufacturing 
failures are those related to shorts and opens in either 
the wiring interconnects between ICs or the solder 
connection between ICs and their associated substrate 
кл A secondary objective of the off-line test is to 
verify the basic functionality of each component in the 


circuit. 
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1 - Off-Line Shorts Testing 


To achieve the shorts test part of the primary objective, 
the octals as well as:the DBMs are scanned into their 
1149.1 external test (Extest) mode. In the Extest mode 
the devices are operable to output test patterns from 
their outputs and receive test patterns into their inputs 
under control input from a test bus controller on the 
1149.1 test bus. During the shorts test, the octals are 
scanned to output a sequence of test patterns, such as 
walking ones, on the data, address, and control buses. 
Concurrently, the DBMs are scanned to receive the test 
patterns from the octals and output them to the test bus 
controller for inspection. 


Alternately, a shorts test on the data and address buses 
could be accomplished by enabling the octals to generate 
and output pseudorandom patterns while the DBMs 
receive and store the patterns into their trace memory 
and/or compact the patterns into their PSAR. After the 
test is complete, the test bus controller accesses the 
stored test pattern response and/or signature from the 
DBMs for processing. This shorts test may provide a 
reduced test time over the scan based shorts test, since 
the test patterns are generated by the octals, not 
scanned into the octals. 


2 - Off-Line Opens Testing 


To achieve the opens test part of the primary objective 
the octals are scanned into their 1149.1 Extest mode an 
operated under control input from the test bus controller 
to emulate processor read and write operations to the 
RAM, ROM, and ИО DUE Good connectivity between 
the octals and the and ЏО port is verified by 
successful read and write operations. Good connectivity 
between the octals and the ROM is verified by successful 
read operations. 


3 - Off-Line Component Testing 


To achieve the second e of the off-line test, the 
functionality of the RAM, OM, and /О port must be 
verified. The ЏО port can be easily verified by scanning 
the octals into their Extest mode and inputting an 
outputting a sequence of data to the I/O port via multiple 
1149.1 scan cycles. 


The RAM can be tested by first loading it with test 
patterns, then reading back the test patterns to verify 
they were input and output c While there are 
ways to automate the loading of the RAM using the 
BOST features of the octals, the loading here is 
performed by scanning the octals into their Extest mode, 
then scanning them multiple times to provide the 
address, data and control required to load the RAM. 


After the RAM is loaded, the octals are scanned to setup 
the RAM read part of the test. During RAM reads, the 
output of the data octals are disabled, the control octal is 
set to Extest mode and outputs control for read 
operations, the higher order byte addressing octal is set 
to Extest mode and addresses a 256 location address 
range within the RAMs memory space, and the lower 
order byte addressing octal 1s set to output 

seudorandom patterns within the specified 256 location 
RAM memory space during the TAP RT/IDLE state. 
Also DBM2 1s scanned to enable its trace memory to 
operate during the TAP RT/IDLE state. During the 
RT/IDLE state, the low order address octal outputs 


addresses on the falling edge of the TCK and DBM2 
stores RAM output data on the rising edge of the TCK. 


After 254 TCKs the test bus controller moves the octals 
and DBM2 out of the RT/IDLE state, scans the higher 
order address octal to paini to the next 256 location 
address range within the RAM memo 

moves the devices back into the RT/IDLE state for 254 
more TCKs. The 255% ТСК of each address sequence is 
produced upon moving out of the RT/IDLE state. This 
process is repeated four times to fill the trace memory of 


space, then 


After the trace memory fills, the test bus controller 
inputs a DMA output instruction into the DBM and 
streams out the contents of the trace memory. The test 
bus controller must read the first (>00) memory location 
of each 256 location address range using the Extest mode 
to complete the test. This additional step is required 
since pseudorandom generators cannot produce an а! 
zero output. This entire process is repeated until all the 
RAM data has been read. 


Testing of the ROM is simpler than the RAM since no 
preloading of test data is required. During ROM testing 
the octals and DBM2 are setup and operated as 
described in the RAM read test description. The only 
difference is that the ROM will be located in a different 
memory map space than the RAM. 


If a faster ROM or RAM read access is desired, the data 
read from either could be compacted into a 16-bit 
signature using DBM2's PSAR. After the data is 
compacted, the signature is accessed by the test bus 
controller and compared to an expected value. The 
reduction in test time is brought about by the ability of 
the PSAR to compact the entire contents of the ROM or 
RAM pete outputting the signature to the test bus 
controller. 


Additional SCOPE buffering/transceiving devices are 
being developed. These devices will be in 8, 16, and 18- 
bit configurations, and will provide both pseudorandom 
and binary counting output modes. The binary count 
output mode will eliminate the missing read operations 
to "all zero" address locations associated with the 
pseudorandom output mode. Also, if 16-bit devices were 
used in this example, the RAM/ROM read operations 
would be much more efficient since they would not have 
to be interrupted every 256 locations to scan in the next 
higher 256 location address range. 


DBM On-Line Test Examples 


The objective of an on-line test of the circuit in Figure 8 
is to verify that the circuit as well as the controlling 
software functions properly at its rated speed. If the 
circuit passes an off-line structural and component test, 
there is a good chance it will operate at-speed. However, 
subtle problems associated with the interaction of the 
ICs in response to software control cannot be adequately 
tested in an off-line test environment. 


To provide an embedded on-line testing method, the 
DBMs can be controlled via their internal EQMs to 
monitor the circuits functional operation. During on- 
line testing the octals remain in their functional mode 
and do not БР Бран in the test. The 16-bit data bus 
input of DBM1 is connected to the processors address 
bus to allow triggering on and tracing of address 


patterns. The 16-bit data bus input of DBM2 is 
connected to the processors data bus to allow triggeri 
on and tracing d data patterns. The CK 1, 2 and 
inputs of both DBMs are connected to the processors 
control bus to allow test operations to be enabled and 
synchronized with read, write, or read/write bus 
transactions. The TAP pins of the DBMs are connected 
to the 1149.1 test bus to allow an external test bus 
controller to input test instructions, monitor test status, 
and receive test results. 


To expand the DBMs event qualification capability, the 
EQO outputs from both DBMs are input to an And gate, 
and the EGI inputs to both DBMs receive the output 
from the And gate. This is a standard configuration for 
ICs equipped with EQMs and allows the qualification of 
a test operation to be determined by events detected in 
DBM1, DBM2 or both DBM 1 and 2. 


Since the DBMs have eight protocols from which a 
monitoring operation may be controlled, the first step is 
to determine the type of test to be performed, then select 
a protocol best suited for the test. For example, if the 
test is to trace data bus transactions occurring between 
two particular addresses, protocol 3 would suffice. 
Alternately, if the test is to sample a single data pattern 
in response to the occurrence of a рса data and/or 
address pattern, then protocol 1 one may be used. 
Moreover, if the test is to compar data appearing on the 
data bus for a predetermined number of bus cycles in 
response to the occurrence of a particular data and/or 
address pattern, then protocol 5 may be used. The ran 
of defined protocols provides the user with a very flexible 
triggering environment through which a test operation 
may be effectuated. 


After choosing the appropriate test protocol, the control 
and data required by the protocol is input to the DBMs 
via the 1149.1 test bus. Following this noce setup 
procedure, an instruction is input to the DBMs, via the 
1149.1 test bus, to initiate the on-line test operation. 
Once the DBMs receive the on-line test instruction, their 
operation is autonomous from the 1149.1 test bus. 

ring test, the test bus controller can monitor the state 
of the DBMs by accessing test status information via 
1149.1 instruction register scan operations. 


When the test bus controller receives an end-of-test 
status output from the DBMs, it performs an instruction 
register scan operation to input an instruction to access 
the test results. If a data trace operation was performed, 
an instruction enabling a read of the trace memory is 
input. If a data compaction operation was performed, an 
instruction enabling a read of the signature is input. 
After the test bus controller receives the test result data, 
the data may be processed as required. 


In some applications, the test result data may need only 
to indicate a pass or fail condition using the signature 
analysis test mode. In other applications, the test data 
result may be used to help diagnose hardware/software 
integration problems using the data trace mode. To 
facilitate human interpretation of the test result data, 
the test bus controller may output trace data to a video 
monitor for display in a standard logic analyzer 
waveform format. 


To simplify the use of the DBM's on-line test features, 


software support is being developed in TIs ASSETw 
diagnostic вувіет 12 13)- e software support will 
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include a I Ode сүгүн through which on-line 
test operations can be easily setup and executed, and the 


results displayed in a waveform format. From a users - 


perspective the interface to DBMs will be similar to that 
used by traditional logic analyzer testing instruments. 


The following example applications provide insight into 
some of the types of on-line test operations the DBM can 
perform on the example circuit of Figure 8. 


1 - On-Line Testing During An Event 


As part of the normal operation of the circuit, the 
software program nuo бор, the action of the processor 
periodically addresses the [/O to enable multiple 
transfers of data into and out of the circuit. The DBMs 
can non-intrusively trace and/or compact the circuits 
data I/O transfers by using DBM1 to provide the 
triggering function and DBM2 to provide the data trace 
and/or compaction function. In this example a trace 
operation is selected. 


To setup any EQM controlled test operation, three basic 
decisions need to be made, (1) protocol selection, (2) 
rotocol control input selection, and (3) number of times 
M) to repeat the protocol. Since the I/O port uses only 
one address in the processors memory map space, 
Protocol 2 best fits the protocol selection for this test 
application (decision 1). Since the PCI circuit of the 
DBMs can be programmed to respond to read, write, or 
read/write control input from the processor, the data to 
be traced can be defined as input only, output only, or 
both input and output. То test both directions of data 
transfer through the ПО port, the PCI is selected to 
enable tracing of both input and output data (decision 2). 
Assuming each ГО operation transfers 100 data words 
and it is desired to fill the trace memory, but not 
overflow it, the trace operation is set to repeat 10 times 
е to allow 1000 I/O transfers to be traced (decision 


With these setup decisions made, the 1149.1 test bus 
controller inputs the required data and control to the 
DBMs to execute Ше ПО trace test. After starting the 
test, the test bus controller monitors the test status via 
instruction scan operations. During the test DBM1 
continuously monitors the address bus for the I/O port 
address. en DBM1 detects the address, it outputs an 
EQO signal to the And gate, which in turn inputs the 
signal to the EQI input of DBM2. While the EQI input 
signal is present, DBM2 stores the ЏО data transfers 
into its trace memory. When DBM1 detects a different 
address, it stops outputting the EQO signal which 
terminates the first I/O trace operation of DBM2. 


The second through tenth repetitions of the ИО trace 
operation are performed exactly as the first. At the end 
of the tenth I/O trace operation, the end-of-test status bit 
is set in DBM2. When the test bus controller detects the 
end-of-test status, it accesses the trace data stored in 
DBM2 using either the 1149.1 scan or DMA output 
modes and either processes the data directly or displays 
it in a desired format for human interpretation. 


2- On-Line Testing Between Two Events 
During program execution the processor reads and 
writes data and instruction words to the RAM 


If 
desired, the DBMs can be used to trace and/ ct 
selectable R/W transfers between processor and HAM 
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memory. In this example the transfers are traced. The 
RAM "ли trace operation differs from the /О trace 
operation in that is accessed via a plurality of 
sequential addresses within the processors memory map. 
Since the RAM has a different addressing scheme than 
the I/O port, a different protocol is required for the trace 
operation. 


During RAM R/W tracing the DBMs need to window the 
trace operation between a first address that starts the 

trace operation and a second address that 
stops the RAM trace operation. Protocols 3 and 4 
support test operations bounded by starting and 
stopping events or in this case addresses. Protocol 4 
enables additional trace operations to continue for a 
specified number of bus cycles after the stop event, 
whereas Protocol 3 stops the trace operation in respon 
to the stop event. 


Since only the data within the window is to be traced, 
Protocol 3 is sel for the R/W trace operation. Also, 
during the RAM R/W trace operation, the address 
associated with each data is traced, to simplify 
interpretation of the data by the user. Since Protocol 3 
enables the trace operation in DBM 1 and 2 to be 
repeated a specified number of times (M) with up to 8 
pairs of different start and stop addresses (events), it is 
possible to perform multiple R/W traces within the 
protocol. 


For the RAM R/W trace operation both DBMs are setu 
to; (1) perform Protocol 3 operations, (2) trace bot 
address and data for both read and write transfers, and 
(3) repeat traces for 5 times. With these setup decisions 
made, the 1149.1 test bus controller inputs the required 
data and control to the DBMs to execute the 

trace test. After starting the test, the test bus controller 
monitors the test status via instruction scan operations. 


During the test DBMI1 continuously monitors the 
address bus for the first trace start address. When 
DBM1 detects the address, it outputs an EQO signal to 
the EQI input of DBM2. In response to the first trace 
start address, ОВМ1 starts tracing addresses and 
monitoring for the first trace stop address, and DB 
starts tracing data. When DBM1 detects the first trace 
чор address it signals ОВМ2 via the EQO to EQI signal 

ath. In response to the first trace stop address, both 
DBMs stop their trace operations and DBMI starts 
monitoring the address bus for the second trace start 
address. 


The second through fifth trace operations are performed 
exactly as the first. At the end of the fifth trace 
operation, the end-of-test status bit is set in DBMs 1 and 
2. When the test bus controller detects the end-of-test 
status, it accesses the trace data stored in DBMs 1 and 2 
using either the 1149.1 scan or DMA output modes and 
either processes the data directly or displays it in a 
desired format for human interpretation. Since both 
address and data were traced, the display can associate 
each data word transfer with a particular address. 


3 - On-Line Testing In Response To An Event 


In some monitoring applications it may be desired to 
trace and/or compact data words transferred between the 
processor and I/O, RAM, and ROM in response to a 
single predetermined address and/or data pattern. То 
enable this type of test operation, Protocols 1, 5, 6, and 7 


should be considered. Protocol 1 enables a single data 
trace and/or compaction operation in response to an 
event. Protocol 5 enables data trace and/or compaction 
for a specified number of bus cycles in response to an 
` event. Protocol 6 enables the steps of (1) pausing for a 
specified number of bus cycles and (2) performing a data 
trace and/or compaction operation for a specified number 
of bus cycles. Protocol 7 enables the steps of (1) 
performing a data trace and/or compaction operation for 
a specified number of bus cycles and (2) pausing for a 
specified number of bus cycles. Each protocol can be 
repeated M times. 


One application of this type of test protocol would be to 
use Protocol 1 to take a single snapshot sample of the 
data bus in response to a particular address pattern. In 
this application DBM1 would detect a predetermined 
address and output an event signal to DBM2. In 
response to the event input, DBM2 would execute a 
Protocol 1 operation to sample and store the pattern on 
the data bus. After the test, the test bus controller 
accesses the sampled pattern from DBM2 for displaying. 
While the other protocols of this type offer expanded t test 
control features, many hardware and software debug 
tasks can be resolved by viewing a single pattern in 
response to a particular circuit state or condition. 


Another application of this type of test protocol would be 
to use Protocol 5 in combination with a self test am 
residing in the ROM to compact the contents of the ROM 
into a signature. The self test program would bo 
designed to cause the processor to sequentially read the 
contents of the ROM from the ROM's starting address to 
ending address. Prior to invoking the self test, DBM1 
would be setup to detect the occurrence of a read 
operation to the ROM's starting address and to output 
an event signal to DBM2. Also, DBM2 would be setup to 
perform a data compaction operation on each ROM read 
cycle in response to an event input signal from DBM1 
using Protocol 5. The N variable in Protocol 5 would be 
set to equal the address range of the ROM. This testing 
scenario assumes the processor can upload the self-test 
code from ROM prior to starting the ROM read 
operations so that the self-test code executes internal to 
the processor, not external to the processor. After the 
self test completes, the data compacted in DBM2 can be 
accessed by the test bus controller to compare the ROM 
signature against a known good signature. 


Still another application of this type of test protocol 
would be to use Protocol 6 to respond to an event and 
perform a data trace and/or compaction operation after a 
predetermined delay. For example, if the software 
program transfers into an area of code that is to be 
tested, and it is not desired to start the test when the 
transfer first occurs, a delay can be setup in Protocol 6 to 
suspend testing for a selected number of bus cycles (N). 
After the delay, the data can be traced and/or compacted 
for a selected number of bus cycles (N). With the ability 
of Protocol 6 to repeat the steps of pausing and testing M 
times, the data trace and/or compaction operation can be 
accurately mapped into only those areas of code to bo 
tested, skipping over areas of code not to be tested. 


Protocol 7 is the inverse of Protocol 6 in that it allows 
testing to cen immediately in response to an event, 
then paused for a specified number of bus cycles before 
once again testing for a number of bus cycles. The 
inverse test scenario of that described for Protocol 6 can 
be envisioned for testing using Protocol 7. 


4 - On-Line Failure Monitoring 


While the previous examples have been associated with 
test operations setup and executed by a test bus 
controller for the purpose of testing the at-speed 
operation of the circuit, the DBMs can be used in a 
different way to achieve still another embedded 
monitoring capability. To set this scenario up assume 
that the data inputs from the /О port indicates some 
external condition that the circuit is monitoring. 
Normally the inputs can be monitored and processed 
without problems. However, if an unexpected input is 
received that the program is unable to process, it 
transfers into an area of code designed to recover from 
such failures and to output status via the I/O port that it 
has encountered the failure. When attempting to 
diagnose the problem it would be beneficial to have a 
history of the circuits operation before and after the 
occurrence of the failure condition that caused the 
problem. 


To provide a means of monitoring for failure conditions 
and for creating a history of the circuits operation before 
and after the failure, the DBMs can be setup using 
Protocol 4 to continuously trace the data and address 
buses while the circuit is operating. Protocol 4 is a 
windowing type protocol that allows the trace operation 
to be started in response to a first predetermined even 
and stopped N clocks after the occurrence of a secon 
redetermined event. When using Protocol 4 as contral 
or failure monitoring, the trace functions of both DBMs 
are started in response to some arbitrary address/data 
pattern that occurs normally during the operation of the 
circuit. However, the second address/data pattern that 
initiates the termination of the trace operation is 
specified to be the particular address/data pattern that 
transfers code execution into the failure recovery and 
status output routine. 


With the DBMs setup in this mode, they continuously 
input and store address and data patterns into their 
1Кх 16 trace memory during each bus cycle. During this 
test scenario, the trace memory is enabled to overflow or 
wraparound as it fills with data. If no failure is 
encountered, Protocol 4 never terminates. However, if a 
failure occurs the DBMs will stop storing address and 
data patterns into the trace memory after a specified 
number of bus cycles (N). The specified number of bus 
cycles to continue tracing after detection of a failure is 
efined by the user and allows partitioning the trace 
memory of DBMs 1 and 2 into two sections, one for pre- 
failure circuit history’ and the other for post-failure 
circuit history. 


For example, if Protocol 4 is set to terminate the trace 
operation 512 bus cycles after detecting a failure, half 
the DBMs trace memory (512 locations) will contain 
information about the circuits operation before the 
failure and half will contain information about the 
circuits operation after the failure. By increasing the 
number of bus cycles to execute (Шой the failure, the 
trace memory will contain more post-failure information. 
Likewise, by decreasing the number of bus cycles to 
execute following the failure, the trace memory will 
contain more pre-failure information. 


A test bus controller monitoring the DBMs status via 
instruction register scans can determine if the Protocol 4 
operation terminates. If a termination is found, the test 
bus controller can access the address and data patterns 
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stored in trace memories of DBM1 and DBM2 and 
provide this circuit history information to aid in 
diagnosing the cause of the failure. 

In the examples described, the DBM’s on-line test modes 
have been shown to provide an improved method of 
testing the at-speed operation of the circuit in Figure 8. 
If the test scenario is expanded to encompass a complete 
system comprising multiple sub-circuits similar to the 
one in Figure 8, the benefit of the DBM’s on-line testing 
features becomes even more significant. 


While it is important to verify the functional operation of 
each sub-circuit in a system, it is even more important to 
verify the complete functional operation of the entire 
system. If DBMs were included in each sub-circuit of a 
system, their testing capabilities could be used to 
functionally test each sub-circuit, then harnessed 
together to provide a method of concurrently testing the 
functional operation of the entire system. 


Such a capability would be equivalent to having logic 
analyzers embedded and соир ed to all critical signals 
and buses in each buried sub-circuit within a system. 
System level on-line monitoring could be achieved by 
setting up the DBMs in each sub-circuit to perform an 

. at-speed test operation in response to a predetermined or 
expected system level transaction. 


For example, if the system sub-circuits are similar to the 
one in Figure 8, and they communicate together at the 

stem level via their I/O port, the DBMs of each sub- 
circuit could be setup to monitor the ЏО port for an 
expected input or output transaction. In response to the 
expected transaction, the DBMs of each sub-circuit could 
simultaneously execute a data trace on the local 
operation of each sub-circuit. After this system level test 
is completed, a test bus controller could access the traced 
data from each sub-circuit and process the data to 
determine how each sub-circuit responded during the 
predetermined system level transaction. 


The power of such a test approach comes from the fact © 


that the functional operation of a plurality of sub-circuits 
can be monitored concurrently and non-intrusively 
during normal system operation. Thus the functional 
interaction between multiple embedded sub-circuits in a 
system can be tested to verify that each sub-circuit as 
well as the entire system operates properly. 


SUMMARY 


While the off-line and on-line test features described in 
this paper require adding DBMs to boards/multi-chip 
module substrates, the benefit gained may, in some 
applications, offset the additiona kage/die penalty 
incurred. Without including the DBMs in the example 
circuit, the type of test operations described would have 
to be performed using external test instruments and 
probing mechanisms. If the circuit is embedded within a 
system, access for probing may be a difficult and time 
consuming proposition, if possible at all. 


The decision whether to use DBMs in a product is 


influenced by many factors such as; product type, 
manufacturing costs, test requirements, and life cycle 
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costs. In any case, the DBM offers a test option 
currently not available to the industry, and provides a 
novel method of testing state-of-the-art technologies that 
are resistant to traditional test approaches. 


CONCLUSION 


This paper has described the architecture and operation 
of an 1149.1 based digital bus monitor (DBM) IC. The 
ability of the DBM to monitor the at-speed signal 
transfers between ICs in real time provides a method of 
monitoring the functional operation of circuits assembled 
on board and multi-chip module substrates. Such tests 
can be used to reveal timing sensitive and/or 
intermittent failures that would otherwise not be 
detectable without the use of external testers and 
mechanical probing fixtures. This test approach may, in 
some cases, reduce the cost to manufacture and support 
a product by reducing the need for test equipment in 
both factory and field environments. 
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by Steve Altaffer 


Introduction 


Typical 1149.1 Scan Architecture Descriptions 


Star vs. Scan path system scan designs addressed in IEEE 
1149.1 use either a single scan path, employing a common 
mode line and daisy-chained data (scan path), or separate 
mode lines to individually controlled independent rings and 
common TDI/TDO signals (star). Figure 1 depicts each con- 
figuration. Each can have advantages over the other depend- 
ing on applications and design requirements. 


The reduced path lengths of a star configuration simplify the 


scan controller design since each scan path is shorter than if _ 


the entire system were connected on a single scan path. Al- 
though the same amount of data may be necessary to control 
the entire system, the overhead of tracking unused elements 
in the scan path fora particular test is reduced. The star config- 
uration is usually recommended for systems that require indi- 
vidualized control over independent functions or shorter 
scan-path lengths to simplify the scan controller design. The 
star configuration also has an inherent fault tolerance as an ad- 
vantage. Because each of the rings in a star configuration is 


isolated from the system, a fault within the scan path itself. 


Ring Configuration 





does not corrupt the entire system scan path as would be the 
case in a scan-path configuration. A multi-board system em- 
ploying a scan-path configuration has the ability to control all 
of the elements in a scan path regardless of the board on which 
they are located. A system that is backplane bus intensive or 
has functions spread across board boundaries would most 
likely employ a scan-path configuration to simplify board 


-boundary and functional testing. 


Scan-Path Linker (SPL) and Scan-Path 
Selector (SPS) Overview 


Theory of Operation 


The scan ring family of devices (SPS and SPL) provide the 
ability to create a hybrid star-scan-path architecture in a sys- 
tem while maintaining the advantages of both. The devices 
can be used to bypass an entire scan path on a board or select 
up to four independent rings (SPL) on the board. Asingle scan 
path can be selected and scanned ora combination of rings сап 
be linked together in series, depending on the scan ring sup- 
port device being used. Figure 2 depicts the SPS as it would 
be connected in a system. 


Star Configuration 









Scan 


e ШШ a _ 
Controller м BUS... | 





Figure 1. Ring and Star Configurations 
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Figure 2. SPS System Scan Design 


Note that each board is in a scan-path configuration while in- 
ternal to the board, a star configuration is created by the SPS. 
` A feature of the scan ring support devices is the ID bus that 
uniquely identifies a board to a system controller. The ID bus 
in the SPS (SN74ACT8999) also serves as a bidirectional data 
bus (BiD), capable of communicating with a remote bus con- 
troller or other on-board controller through the scan interface. 
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The “АСТ8999 also has a remote controller input that can be 
used to share the board's scan buses between the Primary Bus 
Controller (PBC) and a Remote Bus Controller (RBC) on the 
board. The remote input can select any of the four scan rings 
onaboard while maintaining the primary path through the de- 
vice to the rest of the system. In order to properly handshake 
with the board for remote-control handoff, ID bus operation, 


or status/interrupt capabilities, a four-wire status bus is in- 
cluded in the devices. Those wires are labeled Master Condi- 
tion Input (MCI), Master Condition Output (MCO), Device 
Condition Input (ОС!) and Device Condition Output (DCO). 
The DCI pin also serves as the clock input to an 8-bit internal 
programmable counter. Froperties such as the polarity of the 
clock, up/down counting, and latch-on-zero in the countdown 
mode are all programmable. The DCO pin can serve as the ter- 
minal count (MAX/MIN) output to allow cascading or inter- 
rupting the scan controller. 


Select Register Operation 


The SELECT data register is an 8-bit control register that de- 
termines the output of each of the DEVICE TEST MODE SE- 
LECT (DTMS) signals (2 bits per output). The select decod- 
ing for a single DTMS is shown in Table 1. 


Table 1. Select Register Decoding 


Select Bit 


DTMS Output 





* For devices without OTMS input, TMS is transferred to DTMS. 
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It is the same for each ofthe other DTMS outputs. For the case 
of ascan-path device not having an OTMS (remote) input, the 
device will route the primary TMS to the selected DTMS out- 
put. When an output or outputs are selected to convey TMS, 
the scan-path device waits until the primary TMS enters the 
IDLE state before multiplexing the TMS and TDI to the sec- 
ondary scan path. This ensures proper state synchronization 
between the primary and board scan path(s) with respect to the 
TAP controllers on each. Any other means to “open” a sec- 
ondary scan path would result in scan-path corruption and 
азупсћгопену of data and control, and therefore is not allowed 
within the scan-path device hardware. This must be clearly 
understood by the software or firmware controlling the scan- 
path device so that the hardware is configuredas the software 
believes it is. Referring to Figure 3, when a secondary scan 
path is opened, the TMS is driven directly to the output with 
internal delays only. Due to the routing ofthe data path direct- 
ly from TDI to DTDO, it is necessary to sample the data on 
the rising edge of TCK and output to the secondary scan paths 
onthe falling edge of TCK to comply with IEEE 1149.1 speci- 
fications, This creates an extra bit of data in the path whenever 
an external scan path is selected, but it is necessary to ensure 
data synchronization to the rings at high TCK frequencies. 
This sync bit will be present in all data and instruction scans 
and must be recognized by the scan bus controller whenever 
a secondary scan path is opened. The data from the scan path 
is then fed to the “normal” input of the scan-path device data 
or instruction registers and output to the primary scan path. 
For the SPL (SN74ACT8997), much the same data path is 
created. 
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Figure 3. Scan-Path Selector (SPS) Scan-Path Ring with Ring Selected 
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Figure 4. Scan-Path Linker (SN74ACT8997) 
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ELEMENTS 





Scan-Path Linker (74ACT8997) with One Secondary Scan Path Selected 


Figure 5. Scan-Path Linker Data Path 


Referring to Figure 4, the Scan-Path Linker again introduces 
an extra bit into the data path of each secondary scan path 
when opened. Figure 5 depicts the actual scan order when one 
or four secondary scan paths are opened in Scan-Path Linker. 


Each of the sync bits are bypassed when a scan path is not se- 


lected and only the scan path or rings that are selected will in- 
troduce an extra bit into the path. 
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Remote Bus Controller Interfaces 


When a Remote Bus Controller (RBC) is present with the 
Scan-Path Selector, certain interfaces to and from the SPS de- 
vice need to be modified to ensure proper operation. The RBC 
inputs its TMS output to the OPTIONAL TMS (OTMS) pin 
of the SPS. When the SELECT register is loaded to output 
OTMS to the DTMS outputs, the CONTROL register must 


also be loaded with the RBC Enable bit (RBCE) set TRUE to 
allow the RBC TMS direct contro! of the SELECT register. 
In this mode the Remote Test Access Port (RTAP) controls the 
shifting of data through the DTDI to the DTDO to the rings. 
When the RTAP is in control a dedicated instruction and by- 
pass register become activated to emulate a true 1149.1 inter- 
face as seen by the RBC, as depicted in Figure 6. 


The only valid instructions are ‘scan the select register’ or 
‘scan the bypass bit’ during this mode of operation. The Pri- 
mary Bus Controller (PBC) still has the ability to scan the oth- 
erregisters inthe SPS that enables it to disable the RBC by set- 
ting the RBCE bit to FALSE should it become necessary. 
When connecting an RBC to the SPS the normal interfacing 
must be altered as shown in Figure 7. 
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Figure 6. Scan-Path Selector (SN74ACT8999) with Optional (Remote) TMS Selected 
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Figure 7. Remote Bus Controller Interface to Scan-Path Selector 


The TDO signals of each of the rings must pass through the 
RBC in order for the RBC to receive data when active. In the 
same way each of the rings is resynchronized within the SPS, 
the RBC must clock the TDO data in and pass it out to the 
DTDI input of the scan-path device when inactive. For this 
reason, all of the DTMS signals must be fed to the RBC in or- 
der to determine when data is being shifted through a scan 
path so that the internal resync bit can be properly clocked or 
held. When activated, the RBC must also have the ability to 
bypass all of the rings, hence the requirement to feed the 
DTDO of the scan-path device directly to the RBC. Finally, 
to ensure proper handoff of control of the board rings, it is rec- 
ommended that the RBC receive МСО from the SPS, tosignal 
a grant from the PBC, and send DCI to the SPS, to indicate to 
the PBC that the RBC is currently using the board rings. This 
is also the handshake mechanism between the PBC and RBC 
for BiD bus transfers. 


Partitioning 1149.1 Designs 
Using the Scan-Path Support Devices 
System Level Partitioning and Considerations 


Design Requirements 


The ability to create a hybrid star/scan-path architecture using 
a scan-path device has many advantages over a single scan- 
path design. Scan designs can be partitioned in such a way as 
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- to completely isolate functions for testing while leaving oth- 


ers undisturbed. In scan-path architecture this is also possible. 
However, the devices not related to a particular test still must 
be placed in the BYPASS SCAN mode through an instruction 
scan, and the bypass bit in the data path must be recognized 
by software. In a design that requires time slice testing, that 
is, taking a function off-line to run a test and returning it back 
within a fixed amount of time, lends itself quite well to the 
scan-path device architecture. The controller can open a sec- 
ondary scan path, test a function, and replace it to normal op- 
eration while not disturbing or scanning other functions in the 
system. In order to properly implement such a scheme, а care- 
ful design requirement must be developed in advance to ac- 
count for any possible unexpected operations when exercis- 
ing a function. For instance, an ASIC self test may inadver- 
tently toggle its device outputs that in turn ripple to another 
function not under test. The inputs of the ASIC under test must 
be isolated so that the circuits feeding it do not effect the self- 
test. Avoiding inadvertent operation is probably the most 
common consideration but there are many others when imple- 
menting a time slice test scheme. Only through proper system 
definition and specification can all of the pitfalls be avoided. 
Another advantage of using a scan-path device is the ability 
to have a remote bus controller resident on the board to relieve 
the test burden of the primary bus controller. This creates a 
distributed test structure in which the PBC can command tests 
to be run autonomously on multiple boards and report status 
back. The relief realized at the system level is, of course, not 


without cost. The development of board controller software 
will still be necessary as well as the handshaking and reporting 
structure between master and remote. This structure has a 
payoff throughout a product life cycle by exploiting tests dur- 
ing board and system integration, board production and depot 
testing as well as common module insertion. It can also reduce 
system test times by having all tests within a system running 
tests concurrently and reporting status instead of a single pri- 
mary system executing tests in series. 


Partitioning of Scan Paths 


The proper partitioning of rings is the single most important 
factor in successfully reaping the benefits of scan-path device 
insertion into a scan design. Normally a board is functionally 
partitioned within a system by design. Within a board, func- 
tions also need to be partitioned for scan testing by placing 
test-related scan elements adjacent in the scan path. When us- 
ing a scan-path device this is a requirement to enable efficient 
use of the device. If a test requires scanning of devices оп sep- 
arate rings of a scan-path device on a board, the controller 
must scan the devices to stimulate a test, scan the scan-path 
device SELECT register to place the stimulus secondary scan 
path in IDLE in order to hold the data, and open the response 
scan path, and then scan the results from the response scan 
path. This procedure becomes even more complex should the 
stimulus and response elements be mixed on separate rings. 
Should the test involve a dynamic stimulus and response, that 
is not static patterns, repeatability may not be possible. This 
fact arises due to the need to leave either the stimulus or re- 
sponse elements in IDLE (which implies running) while the 
other is being initialized. The time between scanning the first 
scan-path elements and the second could be variable or cause 


unknown data to be generated or sampled. Careful timing ` 


analyses can be performed to eliminate the problem but such 


an architecture is not recommended. Instead, the linkable 


scan-path device, SPL, should be used if scan elements for 
tests MUST reside on different rings for multiple uses, i.e., an 
element in RINGI is used for stimulus in a test with RING2, 
and response with elements on RING3. In most cases this is 
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avoidable or optimization is possible to minimize the number 
of "inter-scan path" tests through proper partitioning. 


How Much Scan 


Another consideration for system-level designs is how much 
partitioning should be performed. Each scan-path device has 
four rings that can be used in a design, but not all of them have 
to be used. If the design does not lend itself to creating four 
separate rings, two or three can be used. This can create an 
open scan-path condition when an unused scan path is inad- 
vertently selected. Great care must be taken during software 
development and design to avoid this possibility from occur- 
ring through constraint checking. If SPL is used, the DTDO 
and DTDI of unused rings can and should be tied together to 
at least create a path for data. Software must still detect the 
lack of any device(s) on the scan path that was opened, based 
upon instruction scan error checking or through examination 
of the scan-path device's SELECT register. This problem 
compounds itself when multiple scan-path devices exist with- 
in asystem that have unused DTMS signals. Under such con- 
ditions the scan controller software will have to find the SE- 
LECT register contents of each scan-path device in the scan 
path to detect the error, determine the true state of the scan 
path, and correct the problem. The controller software be- 
comes an issue in determining whether to use the scan-path 
device in a design. The obvious solution isto use all ofthe scan 
rings available on the scan-path device. Switching between 
multiple secondary scan paths for a test again becomes a prob- 
lem and the SPL is recommended. If a remote controller is be- 
ing used, all of the DTMS signals and the DTDO must be fed 
to it and can be used to detect the error condition, maintain the 
data-path integrity, and signal the PBC through the DCI-> 
DCO status signals of the condition. 


Board Boundary Testing 


When implementing scan-path devices into designs that con- 
tain board boundary scan elements to test backplanes or mo- 
therboards, two options exist for placing the boundary ele- 
ments as depicted in Figure 8. 
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Figure 8. Board Boundary Element Scan-Path Options 


Board A has the boundary elements placed on the primary 
scan path of the system. This would allow for two scenarios. 
First, if an RBC was also present on the board, the PBC could 
perform board boundary tests while the RBC performed 
board tests. Secondly, this implementation also allows select- 
ing a scan path on the board and scanning the boundary ele- 
ments to perform multiple tests concurrently. The disadvan- 
tage of this scheme is that the board is no longer isolated from 
thesystem by asingle interface and some ofthe fault tolerance 
ofthe scan-path device architecture is lost. Board B places the 
boundary elements on a scan path of the scan-path device. 
This option retains all of the advantages of the scan-path de- 
vice faulttolerance with the trade-off being the inability to run 
RBC concurrent tests if one is present in the design. In both 
cases board-to-board testing is still possible using the system 
scan-path architecture and the ability to open a scan path on 
each board. 


Partitioning a Board Design – An Example 
Memory Board Description 


The example given is a simple memory board. It consists of 
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a bus interface controller that could be an ASIC or discrete cir- 
cuitry. The bus controller decodes address and control activity 
on the backplane and creates the necessary address and con- 
trol signals required locally for memory and I/O cycles. The 
board also includes further decoding to create specific device 
selects for the memory and I/O arrays and any further control 
signal generation not performed within the bus controller. Fi- 
nally, the board contains a memory array and I/O register 
array. The memory array could contain both static- and 
PROM-type devices. 


Partitioning for Test 


The buffers for the board are chosen from the "ВСТВХХХ 
family . of 1149.1-compatible octal devices 
(°ВСТ8244,8245,8373,8374). Referring to Figure 9, the 
placement of these devices partition the board into its three 
functions; bus controller, decode circuitry, and the memory 
and I/O space. 













ADORESS 
CONTROL 


ү 


BACKPLANE 
BUS INTERFACE 
CONTROLLER 






BOUNDARY ELEMENTS 





ADDRESS/DATA/CONTROL 


ADDRESS 







Figure 9. Memory Board Partition Example Using Scan-Path Linker 


In addition, the backplane has been isolated by inserting the 
1149.1-compatible octals for testing the interface to and from 
other boards using the test controller. These elements are on 
ascan path by themselves so that they can be scanned to per- 
form the aforementioned tests without scanning the rest of the 
board. Next, 1149.1-compatible octals are placed between the 
bus controller and decode circuitry and between the decode 
circuitry and memory-1/O space arrays, each on its own scan 


Partitioning Designs With 1149.1 Scan Capabilities 


path. Since tests of each of the functions relies on two of the 
scan-path device rings, the SPL is chosen. Thus, to test the 
memory array the control selects the address/control buffers 
and data buffers to be opened and links through the SPL; the 
boundary elements and address/control to test the bus inter- 
face controller; and so on. The address/control and decode oc- 
tals could have been placed on the same scan path, but this 
would only serve to complicate the tests. 
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Remote Bus Controller Implementation 


When Remote Bus Controller (RBC) is added and the rings 
slightly altered to best accommodate it, the SPS with an RBC 
input does not allow linking of the rings. Referring to Figure 
10, in order to reduce the amount of switching between the 
rings, the address/control and data octals are placed on the 
same scan path . 
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This allows the RBC (and the PBC) to test the memory array 
most efficiently, since it would most likely be the longest test 
to be performed on the board. The boundary and decode cir- 
cuitry are also placed on the same secondary scan path so that 
they can be tested quicker. Detection of a fault in the functions 
is possible, but isolation to the failing function still requires 
switching between secondary scan paths. 
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Figure 10. Memory Board Partition Example Using Scan-Path Selector 
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